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INTRODUCTION 
Strip mining for coal in the United States had 
resulted in the need for some type of reclamation of one-
quarter of a million acres of land by 1947 (Chapman 1947)• 
Thirty-two thousand acres had been stripped in Ohio at that 
time. Fourteen years later, over 180,000 acres had been 
stripped (Dowry 1961), evidence of the growing importance of 
this industry and of the increasing need for the rehabilita­
tion of the mined lands• 
According to Limstrom (1948), Iowa had the lowest 
total stripped acreage of all states in the Central States 
region but had the largest percentage of toxic spoil (pH 4.0 
or less). Einspahr (1955) estimated that 38 percent of the 
5,000 acres of spoil banks in Iowa were toxic to plant growth. 
Consequently, reclamation of such land depends upon a funda­
mental understanding of the effect of the chemical and 
physical characteristics of spoil materials on plant survival 
and growth. 
Since 1952, the Forestry and Agronomy Sections of the 
Iowa Agricultural Experiment Station, in cooperation with the 
Iowa Coal Research Association, have made studies of the 
revegetation of strip-mined land in southeastern Iowa. 
Einspahr (1955) surveyed the area involved, classified the 
spoils, and made early survival and growth studies with 
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various tree and forage species. Burton (1958) studied the 
effects of modifying the microclimate on early survival of 
conifers planted on spoil materials. 
The present study has been concerned with a later eval­
uation of the tree plantings made by Einspahr, and with the 
relationships between tree survival and growth and some selected 
characteristics of the coal-spoil materials. The objectives in 
the first phase were to compare the responses of the various 
native and exotic tree species planted seven to eight years ago 
on various spoil materials, and to make this information avail­
able to land owners and strip-mine operators for their immediate 
use. 
In the second phase of the study, fundamental informa­
tion was obtained on the relationships between tree growth and 
various characteristics of coal-spoil materials. This fundamen­
tal knowledge is needed to improve recommendations regarding the 
potential growth of various tree species on coal-spoil materials 
and to serve as a basis for subsequent amelioration of coal 
spoils for future reclamation. Regression and correlation tech­
niques were used to investigate the relationships between tree 
growth and spoil factors as a preliminary step toward a better 
understanding of the problem. Because of the extreme variation 
in the chemical characteristics of coal-spoil materials, some 
of the chemical factors which appeared to be more important 
were chosen for study in relation to survival and growth. 
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REVIEW OF LITERATURE 
Since the early work of Croxton (1928) in Illinois, 
numerous studies of spoil-bank reclamation have been made. 
Almost all of the investigations have been species suitability 
trials. To a limited extent, the mineral status of coal-spoil 
materials has been studied (Einspahr 1955» Finn 1952, 1958, 
Garner 1955, Grandt and Lang 1958, Knudsen and Struthers 
1953» Kohnke 1950 and Limstrom 1950)» and attempts have been 
made to relate the acidity of the materials to the survival 
and growth of plants (Bramble 1952, Bramble al. 1948, 
Brewer and Triner 1956, Chapman 1944, Clark 1954, Deitschman 
and Lane 1952, Einspahr 1955» Grandt and Lang 1958» Limstrom 
1948, 1950, Limstrom and Merz 1949» Lowry 1956» 1958, Potter 
et al. 1951 and Rogers 1951)* 
The interrelationships of all the factors affecting 
plant growth on coal-spoil materials are extremely complex. 
Attempts to classify these materials in relation to plant 
growth have had limited success. Limstrom (1948) developed 
a general classification based on the texture and acidity 
of coal-spoil material, which has been used in the Central 
States region. The textural part of the classification is 
limited to three divisions from sand to clay, which precludes 
its use for more specific descriptions of coal-spoil materials. 
The actual causes of poor plant growth under acid soil condi­
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tions are not always known; and at times plants appear to 
grow well under conditions of extreme acidity as indicated 
by pH measurements. More detailed information is required 
concerning tree growth and soil factors to permit formula­
tion of more accurate classification schemes. 
Tree Growth and Characteristics of Coal-spoil Materials 
The very nature of strip-mine spoil banks makes their 
characterization extremely difficult, if not impossible. 
From region to region, and even within short distances, 
composition of the banks is quite variable. Shavilje (1941) 
concluded that spoil banks were composed of shale, tile, clay, 
soil, sand, gravel, limestone, minerals and waste coal, mixed 
in any proportion. Aside from the effects of the materials 
themselves, the manner in which they are stripped from above 
the coal and deposited on the landscape has a definite 
influence on the type of spoil bank produced. 
Much evidence is available to support the importance 
of the mineral status of the soil to tree survival and 
growth (Kramer and Kozlowski I960). However, many forest 
soils generally contain enough nitrogen, phosphorus, potassium, 
calcium, magnesium and other essential elements that the 
growth of the trees is not obviously affected (Wilde 1958)• 
Compared with most agricultural crops, only a small portion of 
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the total supply is ever lost by harvesting the wood crop, 
and a cycling of the nutrients is effected by the return to 
the soil surface of branches, twigs and leaves which eventually 
decompose and release many of the nutrients for subsequent use. 
As a result, proportionately more attention has been focused 
on forest soil physical properties in relation to tree growth 
than on chemical properties in relation to tree growth. How­
ever, the great variation in composition and extremes in 
chemical characteristics of coal-spoil materials make it 
necessary to examine their mineral status with care. 
SpQii mimerai status 
Many different elements have been found in plant 
tissues, but only a relatively small number have been shown 
to be essential. Carbon, hydrogen and oxygen, which are 
obtained from water or atmospheric gases; and nitrogen, 
phosphorus, sulfur, calcium, magnesium, potassium, iron, 
boron, manganese, copper, zinc and molybdenum, which enter 
the plant from the soil, are required for successful plant 
growth. Recent evidence indicates the necessity of chlorine 
(Meyer âl* cl960). Trees and other plants use these 
materials as reagents or raw materials in synthetic processes 
and for other purposes (Kramer and Kozlowski i960). Because 
coal-spoil materials are quite different from soils usually 
planted to trees, their nutrient or mineral status has been 
studied in various parts of the country. 
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Nitrogen This element is a constituent of amino 
acids, from which proteins are synthesized. It is only present 
in minute amounts in igneous rocks, from which soils arejmqstly 
derived, and occurs largely as an inert gas in the atmosphere. 
To be available to plants, nitrogen must be transformed into 
compounds in the soil (Black cl957b). Consequently, low 
available nitrogen frequently limits plant growth. On coal-
spoil materials, this situation is further accentuated because 
the surface materials are recently deposited and little or no 
vegetation, the primary source of organic nitrogen, is present. 
The low level of nitrogen in coal-spoil materials has 
been pointed out by Croxton (1928), Kohnke (1950), Rogers 
(1951), Potter fit aL. (1951), Sail (1954) and Einspahr (1955). 
There are indications, however, that nitrogen will accumulate 
with time after stripping. Tyner fit al» (1948) reported that 
century-old iron-ore spoil banks contained 82 to 97 percent 
as much total nitrogen in the surface 6 inches as nearby 
virgin soil. No apparent difference in the rate of nitrogen 
accumulation was found under forest or grass vegetation. 
Wilson (&&. 1958) determined the amounts of nitrogen in 21 
spoils from strip mining of coal, and three spoils from iron-
ore workings about 100 years old, and concluded that the accu­
mulation of nitrogen in mine spoils depends on the amount and 
kind of vegetation and the time since stripping occurred. 
Phosphorus The chief means of energy transfer in 
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plants appears to be furnished by the high-energy bonds 
associated with phosphate groups. This element is also a 
constituent of nucleoproteins and phospholipids. It occurs 
in both organic and inorganic forms and is translocated 
readily (Kramer and Kozlowski i960). Knowledge of the forms 
of phosphorus in the soil is not such that direct statements 
can be made about phosphorus availability. The forms that can 
be measured with some precision do not seem to be indicative 
of the supply of phosphorus for plants (Black cl957b)• 
A number of investigators have reported on the level 
of available phosphorus in coal-spoil materials (Kohnke 1950» 
Potter al. 1951» Limstrom and Merz 1951a, 1951b, Rogers 
1951» Sail 1954, Einspahr 1955» Grandt and Lang 1958)• Potter 
et al. (1951) examined many small strip-mine banks in West 
Virginia and found that, of the mineral elements, only 
phosphorus was lacking in some instances. Einspahr (1955) 
concluded that spoils developed from Pennsylvanian parent 
material will be of a low level of fertility in Iowa. He 
found that phosphorus was the element first limiting plant 
growth on toxic, very acid, and acid spoil materials. 
Kohnke (195°) reported that available phosphorus in 
coal-spoil materials was frequently higher than in adjacent 
undisturbed field soil. Grandt and Lang (1958) found Illinois 
coal-spoil materials to be very high in available phosphorus, 
and Sail (1954), in the same state, reported available 
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phosphorus levels as high as 169 pounds per acre. It appears 
that the level of available phosphorus in coal-spoil materials 
may be either very low or very high. 
Potassium Potassium is apparently involved in 
enzyme activity, and its deficiency probably hinder trans­
location of carbohydrates and nitrogen metabolism. Potassium 
is highly mobile in plants (Kramer and Kozlowski I960). Defi­
ciency of potassium in plants is not as common as nitrogen 
deficiency, but plants do require relatively large quantities. 
Apparently, many soils are originally well supplied with forms 
of potassium which become available to plants in time, and 
deficiencies begin to appear when these reserve supplies are 
depleted (Black cl95?b). 
The leve of available potassium in coal-spoil 
materials has been reported by various authors (Grandt and 
Lang 1958» Kohnke 1950, Limstrom 1950, Limstrom and Merz 
1951a, 1951b, Rogers 1951 and Sail 1954). Grandt and Lang 
(1958) reported that spoil materials in Illinois, represented 
by some 2,000 samples, were high in available potassium. 
Likewise, Kohnke (1950) reported that available potassium 
had almost always been found in adequate amounts, and Rogers 
(1951) indicated that most spoil banks of the Western Interior 
Coal Province had enough potassium to support good plant 
growth. 
Limstrom (1950) reported the results of tests for 
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available potassium in I63 samples of overburden materials 
in Ohio, in which only four samples contained medium amounts 
of available potassium (100 to 150 pounds per acre), and the 
remainder contained low levels of this nutrient. Limstrom and 
Merz (1951a, 1951b) indicated that the coal spoil materials 
in northwestern and southeastern Ohio contained low levels of 
available potassium. 
Spoil reaction 
The acidity or alkalinity of a soil is considered a 
reasonably good indicator of its mineral status and of the 
relative availability of nutrients to plants. In addition, 
the soil reaction, expressed in units of pH, is associated 
with the exchangeable hydrogen and aluminum which may be 
present in the soil. In unfavorable conditions of soil 
reaction, such as high acidity or high alkalinity, plants 
may be deprived of necessary amounts of mineral elements like 
phosphorus and potassium, and receive too much iron, manganese, 
aluminum or other minerals, usually not available in large 
amounts. 
There is no general agreement concerning the conditions 
under which soil reaction should be measured, and the results 
obtained vary considerably depending upon the method used 
(Black cl95?b). Obviously, these limitations should be 
considered in any review of spoil reaction investigations. 
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Development of acidity The cause of the extreme 
acidity often found on coal-spoil banks has interested several 
investigators (Croxton 1928, Einspahr 1955, Kohnke 195°)• 
Croxton noted that the oxidation of iron pyrites in coal-
spoil materials in Illinois was the cause of the acidity 
found in his studies. Kohnke (1950) observed that roof coal 
and other strata of carboniferous age contained pyrites and 
other forms of iron sulphide, and that the oxidation of 
these compounds with the production of sulphuric acid led 
to extremely acid conditions. 
Several microorganisms are known to be involved in 
the oxidation of iron and sulphur compounds. Colmer &1. 
(1950) and Temple and Colmer (1951) reported on the isolation 
and identification of the bacterium, Thiobacillus ferrooxidans. 
from the acid drainage of some bituminous coal mines. Another 
bacterium, Thiobacillus thiooxidans. is thought to be active 
in mine wastes, but this organism cannot produce sulphates 
or acidity from disulphides. Other members of the genus 
Thiobacillus. which are not active at low pH levels, may be 
involved in steps preceding the development of high acidity. 
The permanency of the acidity of coal-spoil materials 
has been discussed by some workers (Bramble 1952, Croxton 
1928, Einspahr 1955, Kohnke 195°, and Rogers 1951)• Bramble 
(1952) reported that certain banks had remained below pH 3 .5  
for 30 years, and Rogers (1951) estimated that it would be 
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several decades before toxic or marginal areas in Iowa would 
be plantable. Einspahr (1955) found that application of 
lime to toxic gray shale at an equivalent rate of 21 tons 
per acre increased the pH of the material temporarily, but 
by the end of 9 months the pH had nearly returned to the toxic 
level. Apparently, the length of time that coal-spoil 
materials will remain extremely acid depends to a large extent 
on the amount of pyrites and other highly sulphurous materials 
present on the surface, and on the rate at which the acid, 
formed upon oxidation of these materials, is leached out. 
Einspahr (1955) found that toxic gray shales and 
toxic black shales had very high soluble salt concentrations 
in comparison to the other spoil types of lower acidity. 
Permeable toxic black shale decreased in soluble salt content 
much more rapidly than the slowly permeable toxic gray shale, 
and the acidity decreased accordingly. 
Kohnke (1950) and Deitschman and Neckers (1953) 
reported on the use of field tests of sulphides to aid in the 
prediction of the development of acidity. Einspahr (1955) 
used the test developed by Deitschman and Neckers (1953) on 
overburden materials in Iowa and found little correlation 
between the test results and the acidity developed in some 
materials. He noted that the sulphide or total sulphur tests 
omit the type of sulphides involved, the particle size of the 
compounds, and the associated chemical constituents, all of 
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which affect the development of acidity. 
Acidity, tree survival âM growth Numerous 
investigations of the effects of acidity, as measured by pH, 
have been conducted on the survival and growth of trees and 
forages planted on spoil banks (Bramble 1952, Bramble si âl* 
1948, Croxton 1928, Deitschman and Lane 1952, Einspahr 1955» 
Finn 1958, Grandt and Lang 1958, Knudsen and Struthers 1953, 
Limstrom 1948, Limstrom and Merz 1949, Lowry 1956, 1958, 
Potter fit al. 1951 and Tyner si. 1948). Limstrom and Merz 
(1949) observed that spoils with pH 4.0 and lower were toxic 
to most trees, and Deitschman and Lane (1952) reported that 
the growth of pine plantations did not appear to be influenced 
by variations in acidity above pH 4.5* They noted, however, 
that the growth rate of pine was decreased significantly at 
lower pH levels. Tyner si. âJL* (1948) found poor plant survival 
on very strongly acid to strongly acid spoil material limed 
at the rate of 5 tons of CaCO^ per acre. 
Bramble &i al. (1948) found that several forest 
species grew well, at least to 10 years of age, over a wide 
range of acidity (pH 3-5 to 5*0). Spoil banks with pH less 
than 3*5 were difficult to plant successfully with any 
species. Lowry (1958) reported that pine would survive to 
produce adequate stocking on sandy spoils with pH above 3.2. 
On silty clay spoil, he suggested a pH of 4.0 as a more 
suitable lower limit. 
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In general, a relation between acidity, as measured 
by pH, and the survival and growth of trees on coal-spoil 
materials has been shown to exist. Limstrom (1948) developed 
a system of classification of coal-spoil materials based 
largely on pH. This classification has been useful in the 
location of areas of doubtful value in tree planting programs, 
but fundamental investigations are needed to explain some of 
the anomalies which occur. For example, vegetation sometimes 
exists on quite acid spoils in one area but not on less acid 
spoils in other areas (Knudsen and Struthers 1953)• 
Peperzak (1956) studied the factors affecting plant 
growth on highway backslopes in Iowa and found that exchange­
able hydrogen was better correlated with pleiic growth than 
either pH or percentage base saturation. He concluded that 
exchangeable hydrogen seemed to be the most satisfactory 
measurement for estimating yield depressions insofar as they 
are caused by excess acidity.^  This measurement may be useful 
in the study of coal-spoil materials in relation to plant 
survival and growth. 
Spoil reaction, nutrient ftYflUflfrWty âM toxiCittSB 
There is considerable evidence in the literature to 
support the inference that the acids in acid soils are not 
toxic to plants (Arnon and Johnson 1942). Plants can be 
grown in nutrient solutions at pH values lower than those 
tolerated in soils. It appears that the hydrogen ions in an 
14 
acid soil affect plant growth primarily by actively competing 
with exchangeable bases for cation-binding sites in plants. 
Possibly a more important factor in relation to plant growth 
is the presence of aluminum and manganese in exchangeable 
form, and in such quantities as to be toxic to plants 
(Black cl957b). 
In relation to the nutrient status of strip-mine 
spoil banks, the work of Bees and Sidrak (1956) on "fly-ash" 
is of interest. Fly-ash is described as industrial waste 
material produced after the combustion of pulverized coal. 
Rees and Sidrak made chemical analyses of, and grew indicator 
plants on fly-ash. They concluded that the material contained 
all the essential nutrients. It was deficient in nitrogen 
but contained an abundance of metals, macro- and micronutrients 
and nonessentials, including nickel. All metals appeared to 
be in concentrations harmless to plants, except manganese 
and aluminum. A wide selection of indicator plants were 
grown on fly-ash and, by symptoms and leaf analyses, aluminum 
and manganese toxicities were confirmed. 
Preliminary investigations of Knudsen and Struthers 
(1953) indicated that high acidity of many spoil types was 
accompanied by a relatively high solubility of elements such 
as iron, aluminum, manganese, copper, cobalt, zinc, lead and 
nickel. Trace amounts of some are essential for plant growth, 
but higher concentrations are toxic. 
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{SPQJII Physical characteristics 
The importance of the physical properties of soils 
to plant growth is not completely appreciated (Baver cl956)• 
The soil is a complex system in which a given volume is made 
up of solid, liquid and gaseous material. Plant growth 
depends not only upon the supply of nutrients from the solid 
phase, but also upon the air and water relations. Under 
optimum conditions, root development is more extensive, and 
biological and chemical processes favorable to plant growth 
take place more readily (Baver cl956)• 
Much investigation has been devoted to measuring the 
physical characteristics of coal-spoil materials. Properties 
which have received attention are texture, permeability to 
water, color and water-stable aggregation (Bramble 1952, 
Chapman 1944, Clark 1954, Coleman 1951» Croxton 1928, 
Deitschman 1950» Einspahr 1955» Finn 1958, Garner 1955» 
Grandt and Lang 1958, Guernsey 1958, Kohnke 1950, Limstrom 
1948, Limstrom and Merz 1949, Potter fit ai* 1951 » Sogers 1951» 
Sail 1954, Sawyer 1949, Schramm 1954, Stiver 1949, Tyner fit 
al. 1948 and Wells 1953). 
The effects of texture on plant growth are largely 
indirect, except for the mechanical impediment to root 
penetration offered by large stones (Black cl95?b)• Coarse-
textured soils are usually well-aerated, quite permeable to 
water, low in water-holding capacity, low in available water 
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and probably deficient in nutrient supply. 
Limstrom (1948) found that in the Central States 
region, initial survival and growth were directly related to 
the proportion of soil-size material in the spoil surface. 
Bramble (1952), in Pennsylvania, reported failures of 
plantings on spoil containing less than 15 percent 2-mm soil. 
Rogers (1951) pointed out that texture is important in rela­
tion to aeration and moisture conditions, and that loams and 
silty shales are usually considered the best because they 
generally contain enough fine material to offer favorable 
moisture conditions in the Western Interior Coal Province. 
Limstrom and Merz (1949) indicated that trees grew better on 
shaly loams having a high proportion of soil than on compact 
impervious clay spoils. The more clayey spoils would likely 
retain more moisture, but the aeration conditions at the time 
when sufficient moisture would be available for growth would 
probably be poor. 
In Iowa, the spoil materials consist of a high 
percentage of particles less than 2 mm in size, and the 
textures are largely in the silty clay loam and loam range 
(Einspahr 1955)» Einspahr made mechanical analyses of 
representative samples from the seven areas of distinctly 
different spoil materials that he described. He noted that 
the spoils derived from loessal materials were highly 
erosive and that loess mixed with considerable amounts of 
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glacial till and/or buff shale were more stable. The coarser 
materials of the till and shale aided in reducing runoff and 
erosion. 
The permeability of coal-spoil materials is related 
to the stability of the banks and the aeration conditions 
when sufficient water is available for plant growth. The 
finer materials may be sufficiently permeable to allow a 
moderate movement of water, but these materials will often 
puddle under the impact of rain drops, and the rate of 
infiltration decreases to such an extent that, in effect, the 
spoils become slowly permeable. 
Coleman (1951)» Grandt and Lang (1958) and Potter 
et al. (1951) have reported on studies of infiltration and 
percolation rates of coal-spoil materials. Coleman noted 
that in central Pennsylvania the infiltration rates of spoil 
materials varied greatly. He attributed the lower rates to 
the dispersible nature of the material and to the high 
percentage of particles less than 2 mm in size. Potter 
al. (1951) reported that the permeability of spoils from 
shale, or shale and limestone, decreased with age as 
weathering produced increasing amounts of fine-textured soil. 
The color of the surface soil can be important in 
relation to the successful growth of plants. Dark-colored 
soils heat up more rapidly than light-colored soils and cool 
off more rapidly. They are warmer during the warm parts of 
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the year and exhibit greater daily variations in temperature. 
The properties which cause rapid absorption of heat rays 
during the day by dark-colored objects also cause rapid 
emission of heat during the night (Baver cl956). Likewise, 
the high specific heat and low conductivity of organic 
materials, which often cause the dark colors, greatly 
influence the temperature of soils (Baver cl956)« 
Schramm (1954) studied the effects of high surface 
temperature on emerged and pre-emerged seedlings and 
vegetative shoots on black anthracite mining wastes. The 
black surfaces, when dry and fully insolated, reached 
extremely high temperatures. He found that injury occurred 
at the surface line downward and rarely deeper than i^ -inch. 
The amount of aggregate formation in a soil is used 
as a guide to structure development, and may or may not be 
an indication of the quality of the soil for plant growth. 
A certain amount of organic matter is almost always necessary 
for the stabilization of soil aggregates. Kohnke (1950)» 
in a discussion of the structure of spoil banks, said that 
they are loose at first but become a compact mass with time. 
A high concentration of electrolytes such as calcium sulphate 
tends to keep clay in flocculated condition; but a lack of 
organic matter prevents formation of water-stable aggregates. 
Wilson (1957), in West Virginia, found that samples of coal-
spoil materials were less aggregated than nearby undisturbed 
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soils. In addition, he reported that the order of aggrega­
tion was: nonvegetated spoil < vegetated spoil < undisturbed 
soil. Based on the type of vegetation, the order was: 
pine trees < black locust trees < forage grasses and legumes. 
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INVESTIGATIONS 
The first of the two major parts of this study was an 
evaluation of tree plantings made in 1952 and 1953 on six 
classes of coal-spoil materials by Einspahr (1955). The 
early survival results indicated that certain species were 
more successful than others and that some classes of coal-
spoil materials were more easily revegetated than others. 
This more recent evaluation, of the survival and growth of 
the various broadleafed and coniferous species on the dif­
ferent coal-spoil materials, was made to improve and clarify 
recommendations to land managers concerning future coal-
spoil reclamation. 
The second part of the study was an investigation of 
the correlation of tree survival and growth with leaf mineral 
status and coal-spoil characteristics. This investigation 
was divided into two phases, (a) the correlation of survival 
and growth of coniferous and broadleafed tree species in 
relation to coal-spoil characteristics, and (b) a study of 
the growth of Cottonwood (POPUIUS deltoïdes Bartr.)* in 
relation to leaf mineral status and some selected character­
istics of coal-spoil materials. These investigations were 
made to aid in determining the important factors affecting 
*A11 technical names used follow Little (1953)» 
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tree survival and growth on coal-spoil materials in Iowa. 
Survival and Growth of Planted Trees 
The objective of this study was to determine and 
evaluate the survival and growth of 15 tree species planted 
on several different coal-spoil materials, for future coal-
spoil reclamation recommendations. 
Location an£ flegçripUon s£ experimental âCSâfi. 
The experimental areas, all within 10 miles of the 
Des Moines River, are located in the following five counties 
of southeastern Iowa: Marion, Mahaska, Wapello, Davis and 
Van Buren. The topography consists of irregular rows of 
low cone-shaped hills from 10 to 50 or more feet in height 
and with 20 to 40 percent slopes. 
Generally, the vegetation is sparse and has been 
invaded by such pioneer tree species as Cottonwood, boxelder, 
and American elm. Some of the banks are well stocked with 
yellow sweet clover, orchardgrass and timothy, all sown 
artificially some years previously. 
In 1952, three areas were planted with 13 tree species 
near the towns of Pershing, Bussey and Kirkville. Einspahr 
(1955) described the spoil materials at these locations as 
follows: 
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Pershing - loess, till, buff shale mixture, pH 6.0 
to 6.5» southeast aspect, 10 to 40$ slope. 
Bussey - buff shale material, pH 6.0, north-south 
running ridge, 10 to 40# slope. 
Kirkville - till, gray shale material, pH 4.0 to 6.0, 
north aspect, 10 to 50# slope. 
In 1953 six additional areas were planted with five 
coniferous and five broadleafed tree species near the towns 
of Selma, Eldon, Pershing, Otley, Pella and Oskaloosa. The 
description of the spoil materials at these locations as given 
by Einspahr (1955) was as follows: 
Selma - leached glacial till, pH 6.4, east aspect, 
3 to 5# slope. 
Eldon - light gray shale material, pH 4.5 to 4.8, 
ridge top, 0 to 10# slope. 
Pershing - sandy buff shale material, pH 6.4, southeast 
aspect, 25 to 30# slope. 
Otley - brown shale material, pH 4.0 to 4.5, south 
aspect, 20 to 25# slope. 
Pella - calcareous glacial till material, pH 7-5 to 
7.9, southeast aspect, 20 to 30# slope. 
Oska- - black calcareous shale material, pH 7*2 to 
loosa 7«7, east aspect, 25 to 35# slope. 
The following species were included in the plantings 
at these nine locations: 
Coniferous species: 
Eastern white pine Pinus strobus L. 
Bed pine Pinus resinosa Ait. 
Jack pine Pinus banksiana Lamb. 
Pitch pine Pinus riqida Mill. 
Virginia pine Pinus virginiana Mill. 
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Scotch pine ZiûUfiL svlvestris L. 
Table-Mountain pine Pinus rmngens Lamb. 
Japanese larch Larix koemnferi Sarg. 
European larch Larix decidua Mill. 
Eastern redcedar Juniperus Yirgifljafla L. 
Broadleafed species: 
Black locust Bobinia pseudoacacia L. 
Green ash Fraxinus nsflnsYlvanlca Marsh. 
Cottonwood Populus deltoïdes Bartr. 
American elm Ulmus ameriaana L. 
River birch Betula nigra L. 
Sycamore Platanus oççia@nWi@ L. 
Expçripsatel desA&m 
In the 1952 plantings, single-row plots of each species 
were planted at random in each of three or five blocks in each 
area at a 6- by 6-foot spacing. Because of the wide spacing, 
the plantings extended over one or more types of spoil 
material. The number of replications varied, three at 
Pershing and Kirkville, and five at Bussey; and the number of 
trees planted per row were variable (Einspahr 1955)» 
In the 1953 plantings, three-row plots of each species 
were planted at random in each of three blocks in each area 
at a 2- by 2-foot spacing. Each row contained 10 trees. The 
experimental layout is shown in Figure 1. 
Measurements aM GQalYSSS 
In the 1952 and 1953 plantings, the number of surviving 
trees was counted in each of the plots. Percentage survival 
was based on the number of trees originally planted. Tree 
height was measured to the nearest tenth of a foot with an 
Figure 1. Planting design for 1953 plots 
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extension pole, and average tree height for each species was 
calculated. 
Analysis of variance of survival was calculated for 
all species planted in 1952, except larch and black locust. 
Larch establishment was extremely low, and black locust was 
not considered a sufficiently desirable species for further 
evaluation because of its susceptibility to the locust borer 
(Cvllene robiniae). Percent survival was converted to 
arc sin ^ proportion before analysis. The data for the 
Kirkville area were limited to two replications because the 
third had been disturbed. Duncan's multiple range test 
(Duncan 1955) was used to evaluate differences among species. 
No statistical analysis was made of tree height measurements. 
Analysis of variance of survival was calculated for 
all species planted in 1953» except where establishment was 
low or nonexistent. Duncan's multiple range test was used 
to evaluate differences among species. Tree height measure­
ments were not analyzed statistically. 
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Tree Growth and Coal-spoil Characteristics 
Survival aaâ growth Si coniferous aM troadl@af@a SPSgjfiS 
The first phase of the study of tree growth and coal-
spoil characteristics was limited to the 1953 plantings of 
Einspahr (1955) in which various tree species were tested on 
a variety of coal-spoil materials* The objectives were to 
study the relationships among some of the more obvious 
chemical characteristics of coal-spoil materials and survival 
and growth of various tree species, so that the reasons for 
success or failure could be clarified, and possibly feasible 
remedies for the failures could be developed. 
Location aW. description EXIigrifflfiBtal âCÊâS. The 
experimental areas have been described previously on page 21 
and b> iinspahr (1955)* 
Experimental design In this study, the 20- by 60-
foot replications in the 1953 plantings were split into upper 
and lower slopes® The data were sorted arbitrarily into 
groups representing the upper 10 feet and the lower 10 feet 
of each replication. The relationship of survival and yield 
(average height x number of trees per sub-plot) of each 
species to the selected chemical characteristics of the spoil 
materials was determined through correlation analysis and 
linear multiple regression techniques. 
Measurements aM analyses Laboratory analyses were 
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made of composite samples of the surface 6 inches of coal-
spoil material in each of the upper and lower portions of the 
replications at each location. A composite sample consisted 
of about forty borings obtained with a tube-type auger. The 
samples were collected in plastic bags, air-dried in the 
laboratory, then ground and sieved through a 2-mm wire mesh 
screen. The sieved samples were mixed and stored in glass 
jars until used for analyses. 
The following determinations were made for each 
sample: pH, cation exchange capacity, exchangeable and 
soluble bases, exchangeable aluminum, soluble salt concen­
tration, initial nitrate and nitrate production, available 
phosphorus and available potassium. 
The pH was determined with a glass electrode in a 
soil to water ratio of 1:2.5 as described by Jackson (cl958)• 
Cation exchange capacity and exchangeable and soluble bases 
were determined by the methods described by Black (1957a) in 
which a neutral, normal ammonium acetate extracting solution 
is used. The exchangeable aluminum was determined by titra­
tion of the acidity formed in neutral, normal KC1 leachates 
with standard NaOH according to a procedure described by 
Lin (1959). 
Soluble salt concentration, initial nitrate and 
nitrate production, available phosphorus and available potas­
sium were determined by the Soil Testing Laboratory, Iowa 
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State University, Ames, Iowa. Soluble salt concentration 
was determined from a 1:2 soil-water extract with the method 
and the direct indicating bridge (solubridge) described by 
the U. S. Salinity Laboratory Staff (195^ )• Conductivity 
readings were converted to concentration in parts per million 
by use of a standard curve prepared by the Iowa State University 
Soil Testing Laboratory. Initial nitrate and nitrate production 
were determined with the method described by Stanford and 
Hanway (1955)• Available phosphorus was determined by method 
number one of Bray and Kurtz (1945), and available potassium 
was determined with the flame photometer by the direct method. 
Statistical analyses Simple correlation coeffi­
cients were determined for all of the variables measured 
except initial nitrate. Linear multiple regression analyses 
were made, with survival percentages and yield as dependent 
variables, for all species except American elm, sycamore 
and river birch. Slope position was included as a dummy 
variable. 
Cottonwood, eastern redcedar and pitch pine were 
selected for additional analyses in which the spoil variables 
were used singly and in combinations to aid in the interpreta­
tion of the relationship of each variable to the growth of 
these species. 
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growth of eastern gottQflWPQCl 
Since cottonwood is growing on a wide variety of site 
conditions on coal-spoil materials and offers a good oppor­
tunity for a study which might clarify the relationships 
between tree growth and coal-spoil characteristics, and 
therefore improve the basis of recommendations concerning 
reclamation of coal-spoil banks, a more detailed investiga­
tion of this species was made. The immediate objectives of 
this phase of the study were to determine the relationships 
between selected chemical and physical characteristics of the 
coal-spoil materials and the growth and development of young 
cottonwood trees, ranging in vigor from poor to good. 
Location M description && experimental areas The 
trees selected for the study are located in Marion, Mahaska 
and Wapello counties in southeastern Iowa. Of the three 
areas located in Marion County, one is near Pella, one near 
Pershing and one near Otley. A fourth area is located in 
Mahaska County, south of the town of Oskaloosa; and a fifth 
is located in Wapello County near the town of Kirkville. All 
of the experimental areas are within 10 miles of the Des 
Moines River, and represent general classes of coal-spoil 
materials described by Einspahr (1955)• The type of surface 
material within each area varies greatly; therefore, the 
general description of the area may not apply to the condi­
tions at each tree. 
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Pella - calcareous glacial till, pH 7*5 to 7*9* 
Pershing - sandy buff shale, pH 6.4. 
Otley - brown shale, pH 4.0 to 4.5* 
Oskaloosa - black calcareous shale, pH 7•2 to 7*7• 
Kirkville - glacial till and gray shale, pH 4.0 to 6.0. 
Experimental design In each of the five areas, 
20 one-tree plots were established to insure a range of tree 
vigor from poor to good. Internode distance and form were 
used as indicators of the relative growth rates and general 
health of the trees. Tree and surface spoil material data 
were obtained from each of the 100 one-tree plots for correla­
tion and regression analyses. 
Measurements aM analyses Total height of each 
tree was measured with an extension pole before leader growth 
had begun in the spring of 1961. Total height was again 
measured in the fall of 1961 along with the diameter of the 
tree 1 foot above the base. The age of each tree was deter­
mined by ring counts of increment cores taken with a Swedish 
increment borer at 1 foot above the base. Counts were made 
in the laboratory after the cores were stained with phloro-
glucinol. Height increment for the 1961 growing season was 
found by subtracting the total height as measured in the 
spring from the height as measured in the fall. 
In addition, leaf samples were collected from each 
tree during the days of August 26 through August 3°» 1961, for 
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subsequent laboratory analyses of mineral composition. The 
collection procedure followed that described by Brendemuehl 
(1957)* Branches were cut from the south side of the upper 
portion of the crown with a tree trimmer. Sampling was 
restricted to leaves without blemishes or insect damage 
wherever possible. The leaves were collected between the 
hours of 10:00 AM and 2:00 PM, brought into the laboratory on 
the same day, washed lightly with distilled water and oven 
dried at 70°C for 24 hours. The dried leaves were ground in 
a Wiley mill and stored in small glass bottles. 
The percentages of nitrogen, phosphorus and potassium 
in the dry leaves were determined in the laboratory of Dr. 
John Hanway, Department of Agronomy, Iowa State University. 
A 0.50-gram sample of the dried, ground leaves was digested 
in HgSOjj, plus Cu on a hot plate for 24 hours or until digested 
completely. The digest was diluted with NHy-free water, and 
nitrogen was determined by steam distillation of NH^  from an 
aliquot made alkaline with NaOH. The was trapped in 
boric acid and subsequently titrated. Phosphorus was deter­
mined colorimetrically by a modified vanado-molybdate method. 
Potassium was determined with a flame photometer with lithium 
as an internal standard. 
The percentages of calcium and magnesium were deter­
mined in digests of the dry leaf material which were prepared 
as described by Jackson (cl958), except 2JJ HC1 was used for 
a 
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dissolving the salts, followed by filtering for the removal 
of silica. Five-gram samples were used. The milliequivalents 
of calcium and magnesium were titrated in 10-ml aliquots of a 
final solution after removal of phosphate and heavy metal 
interference with a zirconyl chloride precipitation and 
filtration as described by Derderian (1961). Calcium was 
titrated with approximately O.OIN standard ethylenediaminete-
traacetic acid (EDTA) at a pH of 13 with calcon as the 
indicator. Calcium plus magnesium were titrated with the 
same BETA solution at pH 10 with Eriochrome Black T as the 
indicator, and magnesium was determined by difference. 
Composite samples were taken of the coal-spoil 
materials to a depth of 6 inches under the crown of each tree 
in the spring of 1961. The samples were placed in plastic 
bags, taken to Ames and prepared for the following analyses: 
percentage of less than 2-mm-size particles, pH, exchangeable 
and soluble calcium and magnesium, exchangeable aluminum, 
exchangeable hydrogen, soluble salts concentration, initial 
nitrate and nitrate production, available phosphorus and 
available potassium. 
All analyses, except those for nitrate nitrogen and 
potassium, were made of air dry samples which had been crushed 
and passed through a 2-mm sieve. Determinations of nitrate 
nitrogen and potassium were made at the field moisture content, 
and the results corrected to a standard 25 percent moisture 
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content. 
Percentage of less than 2-mm-size material was 
determined gravimetrically. The pH was determined as 
described previously. Exchangeable and soluble calcium and 
magnesium were determined by titration with EDTA of aliquots 
from normal sodium acetate leachates as described by Black 
(1957a), except zirconyl chloride precipitation and filtration 
were used to remove phosphate and heavy metal interferences 
as described above. Exchangeable aluminum plus hydrogen were 
determined by titration of the acidity in neutral, normal KC1 
leachates of the samples. Aluminum was titrated with standard 
HC1 solution after addition of 10 percent NaF solution to the 
beaker in which the combined aluminum plus hydrogen titration 
was made. NaF forms a complex with aluminum and causes the 
release of the hydroxyl ions from A1(0H)^  to form a base with 
the sodium present. The base formed corresponds to the 
aluminum complexed, since one hydroxyl ion is released per 
milliequivalent of aluminum. The milliequivalents of acid 
required to titrate the base equal the milliequivalents of 
aluminum. Exchangeable hydrogen is found by difference from 
the first titration (McLean £&. 1962). 
The Iowa State Soil Testing Laboratory performed the 
following analyses: soluble salt concentration, initial 
nitrate and nitrate production, available phosphorus and 
available potassium. The methods used have been described on 
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page 29. 
Field capacity and air permeability at field capacity 
were determined in situ. Ten-inch-diameter furnace pipe was 
driven 3 inches into the ground in the vicinity of each tree. 
A 6-inch water equivalent of rainfall was added, and the top 
was covered with plastic to prevent evaporation. After 2 or 
3 days the plastic was removed, and the air permeability was 
measured with a sphygmomanometer as described by Wilde and 
Steinbrenner (195°)• Specifically, the pressure was raised 
to 120 mm and the time required for the pressure to drop to 
20 mm was recorded. All readings were converted to the drop 
in pressure per unit time (mm per second). 
After the air permeability measurements were made, 
samples were collected with a tube-type auger and placed 
in weighing cans made air tight with a strip of masking tape 
around the lid. The samples were returned to the laboratory, 
weighed while moist, oven dried at 105°C overnight and 
reweighed. The moisture percentage, oven-dry-weight basis, 
was calculated for each sample and was designated as the 
field capacity of the surface material. 
At each tree the aspect was determined with a hand 
compass, the percent slope with an abney level, and the slope 
position was noted. 
Statistical analyses were made by the Iowa State 
Computing Service on the IBM 650. All of the simple correla­
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tion coefficients were determined for a total of 22 variables. 
In addition, various linear multiple regressions were 
calculated. 
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RESULTS 
Survival and Growth of Planted Trees 
Smlïâl 
Eight years after planting Survival percentage 
was determined for 10 tree species planted in 1952 on coal-
spoil materials near the towns of Pershing, Bussey and Kirk-
ville in southeastern Iowa. Green ash survival was better 
than all other species, and was more than twice that of all 
coniferous species except jack pine. Survival of cottonwood 
and jack pine was not different, but exceeded survival of 
the remaining species by 22 to 50 percent (Table 1). 
Differences among the species were significant at the 
1-percent level (Table 2 and Figure 2). The location by 
species interaction was significant at the 5-percent level. 
Apparently, the very low survival of red pine and eastern 
white pine on buff shale spoil material at Bussey, and the 
relatively high survival of these species on the loess, 
glacial till and buff shale mixture of spoil material at 
Pershing and on the glacial till and gray shale mixture at 
Kirkville, accounted for this significant interaction. 
Disturbances by man and animals probably affected survival of 
several species. All the pine species had suffered from 
"topping" for Christmas trees or attempts to dig them out or 
Figure 2. Comparison of tree survival eight years 
after planting based on Duncan's multiple 
range test (Duncan 1955)* Smallest 
significant ranges indicated by arrows 
(1$ level) 
SURVIVAL (s in"^percentage )  
VIRGINIA PINE 
E. WHITE PINE 
TABLE-MT. PINE 
SCOTCH PINE 
PITCH PINE 
RED PINE 
E. REDCEDAR 
JACK PINE 
COTTONWOOD 
GREEN ASH 
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both. Rodent dens were found at Bussey, and the boles of many 
trees were damaged 1 to 2 feet above the ground. 
Seven years after planting Percentage survival 
was determined for nine tree species planted in 1953 at six 
locations on coal-spoil materials ranging from extremely acid 
to calcareous. Damage by browsing animals, noted at several 
locations, may have affected the survival of the broadleafed 
species and red pine. 
All pine species failed on calcareous materials at 
Pella and Oskaloosa. Broadleafed species, except American 
elm, did not survive on acid light gray shale at Eldon. 
Average tree survival was highest on leached glacial till 
spoil material at Selma, and second highest on acid buff 
shale at Pershing. Survival at these locations exceeded 
survival at the other sites by 16 to 43 percent. Among 
species, average survival of green ash and eastern redcedar 
were similar, and exceeded the other species by 20 to 49 
percent (Table 3)• 
Differences among species were significant on acid 
buff shale at Pershing, calcareous black shale at Oskaloosa 
and leached glacial till at Selma (Table 4). Survival of 
green ash exceeded that of all pines and cottonwood at 
Pershing by 70 percent or more. At Oskaloosa, green ash 
survival exceeded that of cottonwood and American elm by 58 
and 71 percent. At Selma, eastern redcedar survival exceeded 
Table 1. Eight-year tree survival on the 1952 Pershing, Bussey and Kirkville plots 
Species Survival percentage0 
Pershing0 Kirkville® Busseya Av. of all areas 
Green ash 91 88 95 91 
Cottonwood 86 73 69 76 
Jack pine 76 68 52 65 
Bed pine 74 44 13 44 
Eastern redcedar 59 32 26 39 
Pitch pine 41 43 27 37 
Scotch pine 51 32 24 36 
Eastern white pine 39 44 8 30 
Virginia pine 26 38 18 27 
Table-mt. pine 44 20 14 26 
Av. of all species 59 48 35 47 
aBased on a variable number of trees planted. 
bThree replications. 
cTwo replications. 
dFive replications. 
Table 2. Analysis of variance of tree survival on the 1952 Pershing, Bussey 
and Kirkville plots* 
Source*) df Sum of squares Mean square F F' 
Total 29 29,398.54 
Locations 2 4,175*33 
Species 9 21,954.13 2,439.34 11.86** 
Locations x species 18 3,269.08 181.62 1.98* 
Pooled error 63 91.57 
S^urvival percentage transformed to sin~l /percentage• 
A^nalytical method from Cochran and Cox, cl957, p. 555* 
••Significant at level. 
•Significant at level• 
Table 3« Seven-year tree survival on the 1953 Selma, Pershing, Eldon, 
Oskaloosa, Otley and Pella plots 
Species ; Survival percentage* 
Selma Pershing Eldon Oskaloosa Otley Pella Av. of 
all ere&G 
Green ash 78 97 0 73 34 2? 52 
E. redcedar 87 76 33 40 4 18 43 
Pitch pine 63 14 54 0 2 0 22 
Jack pine 40 27 42 0 8 0 20 
American elm 0 67 16 14 9 7 19 
Va, pine 47 18 18 0 2 0 14 
Bed pine 59 9 14 0 1 0 14 
Cottonwood 57 18 0 2 1 0 13 
Sycamore 6 0 0 0 9 0 2 
Av • of 
all species 49 36 20 14 8 6 22 
A^verage of three replications based on the original number of trees 
planted per plot (30). 
Table 4. Analysis of variance of tree survival on six coal-spoil materials 
with percentage converted to sin"*-1- /percentage 
Location 
Total 
Source of variation 
Replication Species Error 
Pershing 
Selma 
Oskaloosa 
Otley 
Eldon 
df 
Sum of squares 
Mean square 
F 
df 
Sum of squares 
Mean square 
F 
df 
Sum of squares 
Mean square 
F 
df 
Sum of squares 
Mean square 
F 
df 
Sum of squares 
Mean square 
F 
23 
15,880.50 
23 
9,108.35 
11 
6,049.18 
26 
4,467.58 
17 
4,380.02 
2 
198.59 
1,069.86 
2 
134.26 
1,745.20 
2 
53-68 
13,277.83 
1,896.83 
11.05** 
6,361.81 
908.83 
8.67** 
4,623.41 
1,541.14 
5-97* 
8 
1,467.52 
183.44 
2.34 
2,061.24 
412.25 
1.82 
14 
2,404.08 
171.72 
14 
1,676.68 
104.79 
1,291.51 
358.30 
16 
1,254.86 
78.43 
10 
2,265.10 
226.51 
**Signifleant at 1% level; *signifleant at 5% level. 
Table 4 (Continued) 
Location Source of variation 
Total Replication Species Error 
Pella df 8 2 2 4 
Sum of squares 2,889-02 1,589.14 187-51 1,112.37 
Mean square 93*76 278.09 
F W —W 
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that of jack pine and sycamore by 47 and 81 percent» All 
other species survived better than sycamore by 34 to 72 
percent (Figure 3)« Variation in survival on two of the 
planted areas is shown in Figures 4 and 5® 
Eight vears after planting Average tree height 
was obtained for each species planted in 1952 at Pershing, 
Bussey and Kirkville. Cottonwood averaged 22 feet in height 
on the spoil material at Pershing, and attained a greater 
height than all other species at each location (Figure 6). 
The average height of cottonwood was approximately twice 
that of green ash (Figures 6 and 7)• Jack pine height was 
3 to 6 feet greater than that of all other coniferous species. 
The growth of all vegetation at Pershing and Bussey 
was generally better than at Kirkville (Figures 8 and 9)• 
Trees at Pershing and Bussey averaged approximately 10-1/2 
feet, while those at Kirkville averaged approximately 8 feet. 
Eastern redcedar, eastern white pine, Scotch pine, pitch 
pine, red pine, jack pine and cottonwood attained their 
greatest heights at Pershing; while Virginia pine, table-
mountain pine, and green ash reached their greatest heights 
at Bussey. 
Seven vears after planting Average tree height 
on the 1953 Otley, Pella, Pershing, Oskaloosa, Eldon and Selma 
Figure 3» Comparison of tree survival on three coal-
spoil materials seven years after planting 
based on Duncan's multiple range test. Small­
est significant ranges indicated by arrows 
{1% level) 
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Figure 4. Replication III of the 1953 Pershing plots. 
Left to right, red pine, Virginia pine, eastern 
redcedar, pitch pine, jack pine, American elm, 
cottonwood, river-'birch, green ash and sycamore 
were planted. Survival of eastern redcedar, 
American elm and green ash was very good. The 
spoil material was slightly acid, pH 6.5» and 
exchangeable aluminum was not detected. 
Figure 5* Replication I of the 1953 Otley plots. Left 
to right, sycamore, pitch pine, Virginia pine, 
red pine and eastern redcedar were planted. 
The spoil material was extremely acid, pH 
3.0, and exchangeable aluminum very high, 
approximately 532 parts per million. Erosion 
increased plant losses. 
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Figure 6. Average eight-year tree height at Pershing, 
Bussey and Kirkville 
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Figure ?• 1952 plantings at Kirkville. Left to right are 
black locust, jack pine, green ash, white pine 
and Cottonwood. The extension pole is at 17-1/2 
feet. Note the difference in height between 
cottonwood and green ash. 
Figure 8. General view of the 1952 plantings at Pershing. 
Cattails are in the foreground and volunteer 
boxelder in the middle. Bows of black locust 
and cottonwood may be distinguished in the rear. 
Much volunteer cottonwood has obscured the 
original plantings. 
Figure 9» General view of the 1952 plantings at Kirkville. 
Bows of cottonwood and conifers are easily 
distinguished. Invasion of the plantings by 
volunteer species has been light. Bows of 
black locust are seen at either end of the 
plantings. 
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plots was extremely variable (Table 5)• Average cottonwood 
height of 8 feet was greater than all other species, twice 
the height of green ash and 3 feet more than American elm. 
Jack and Virginia pine reached about the same average height 
of 5-1/2 feet, and exceeded the other pine species by 1-1/2 
to 3 feet. 
Eastern redcedar, green ash and cottonwood attained 
5-1/2, 6 and 13-1/2 feet on calcareous black shale at 
Oskaloosa. All the pine species, except red pine, attained 
greatest heights on acid light gray shale material at Eldon, 
where Virginia pine averaged 6-1/2 feet. Bed pine, with an 
average height of 2-1/2 feet, grew slowly at all locations. 
Browsing damage to the leaves and needles may have reduced 
the growth of the broadleafed species and red pine. Babbit 
damage, and other rodent damage to the boles of the trees, 
may have reduced the growth of all species. Belative differ­
ences in height growth are indicated in Figures 10, 11 and 12. 
Relationship of Tree Growth to Coal-spoil Characteristics 
less jBUCïiïâl» growth âM Ç991-SB9&1 characteristics 
Survol ana ggfll-Bpgil cMrastsristAcs sur­
vival percentage was determined for seven tree species on the 
1953 Otley, Pella, Pershing, Oskaloosa, Eldon and Selma 
plots on the upper and lower slopes (Table 25, Appendix); 
! 
>: 
£ 
Table 5* Seven-year average tree height in feet on the 1953 Oskaloosa, 
Pershing, Eldon, Selma, Pella and Otley plots 
Species Locations 
Qgkaloosa Pershing EMûû SslfflB 
No. of Av. No. of Av. No. of Av. No. of Av. 
trees ht. trees ht. trees ht. trees ht. 
Cottonwood 23 13.6 25 5.2 — — — — —  51 6.9 
Virginia pine — —  18 6.0 39 6.6 50 4.8 
Jack pine 
— 
— — — 27 5.5 52 5.9 39 5.5 
American elm — —  38 5.9 — — —  
Pitch pine 
— — 18 3.5 61 4.6 58 4.0 
Eastern redcedar 77 5.7 84 4.4 56 1.8 86 3.6 
Green ash 88 6.0 88 5.4 — 83 2.1 
Sycamore — —  
- - — 10 1.4 
River birch — —  
— - 10 2.4 
Bed pine 12 1.6 22 2.5 58 2.7 
All species 188 6.8 310 5.0 240 4.3 435 3.9 
Table 5 (Continued) 
Species Locations 
Pella Otlev All locations 
No. of Av. No. of Av. No. of Av. 
trees ht. trees ht. trees ht. 
Cottonwood — —  —  — —  20 8.0 119 8.0 
Virginia pine 
— —  
—  —  —  5 3.6 112 5.6 
Jack pine 
— 
— 
12 3.6 130 5.5 
American elm 23 4.7 34 3.8 95 4.9 
Pitch pine 
— 
—  — —  12 3-3 149 4.1 
Eastern redcedar 76 4.3 23 2.5 402 4.0 
Green ash 66 3.1 55 2.5 380 4.0 
Sycamore 
— 
21 4.4 31 3.4 
River birch 
— 
— — —  2 7.6 12 3.3 
Red pine — — — —  3 1.7 95 2.5 
All species 165 3.9 187 3.7 1525 4.5 
Figure 10. Pitch pine in Replication III of the 1953 
plantings at Eldon. Seven years after planting, 
the pine species were making fair growth on the 
strongly acid, pH 4.0, light gray shale material• 
Figure 11. Red pine in Replication III of the 1953 plantings 
at Selma. Seven years after planting, this species 
was making very poor growth. Damage by browsing 
animals was severe in the spring of 1961. 
Figure 12» Part of Replication III of the 1953 plantings at 
Otley. Few of the original 30 trees per species 
remain. From left to right, pitch pine, eastern 
redcedar, Virginia pine and red pine may be seen. 
The pole is at 7-1/2 feet. 
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and laboratory analyses were made of some chemical character­
istics of composite samples from the upper and lower slope 
positions (Table 26, Appendix). Correlation analyses of 
survival percentage, sin"1 p^ercentage, for all variables 
measured, plus three interaction terms, indicated some 
relationships between the chemical factors measured and 
survival of trees (Table 6). Correlation of variables with 
survival varied among species (Figures 13 and 14). 
All relationships between the chemical factors and 
the broadleafed species, cottonwood and green ash, were 
negative. Cottonwood was related to available phosphorus 
at the 5-percent probability level. Green ash was related 
to cation exchange capacity, the aluminum and phosphorus 
interaction, available phosphorus and available potassium at 
the 1-percent level; and was related to the pH and aluminum 
interaction at the 5-percent level. 
Among the coniferous species, eastern redcedar was cor­
related positively with pH and negatively with the aluminum and 
soluble salt interaction, soluble salt concentration, exchange­
able aluminum and the pH and aluminum interaction at the 1-
percent probability level. Pitch, Virginia, red and jack pine 
were correlated positively with cation exchange capacity and 
correlated negatively with soluble salt concentration at the 
1-percent level. Pitch pine and jack pine were correlated 
positively with available phosphorus and the aluminum and 
Table 6. Coefficients of correlation (r)a and coefficients of determination (r2) 
for tree survival and 12 variables 13 
Species Xg Xg X, Xg X, Xg X, X^  ^ X^  X^ g 
Pitch pine 
r 
r2 in % 
0
 0
 
H
O
 O
 H
 
1 0.15 
2.25 
—0.36 
12.96 
-O.38 
14.44 
0.71 
50.41 
-0.49 
24.01 
0.43 
18.49 
0.42 
17.64 
0.25 
6.25 
-0.18 
3-24 
0.44 
19.36 
0.04 
0.16 
E. redcedar 
r2 in % 
0.59 
34.81 
—0.64 
40.96 
0.13 
1.69 
0.20 
4.00 
0.18 
3.24 
—0.65 
42.25 
0.00 
0.00 
0.28 
7.84 
-O.59 
34.81 
—0 • 68 
46.24 
-0.28 
7-84 
0.08 
0.64 
Green ash 
r2 in % 
0.22 
4.84 
—O . 30 
9.00 
-0.02 
0.04 
0.11 
1.21 
-0.50 
25.00 
-0.20 
4.00 
-0.46 
21.16 
-0.41 
16.81 
-0.37 
13.69 
-0.10 
1.00 
—0.48 
23.04 
0.08 
0.64 
Va. pine 
r 0 
r in % 
0.12 
1.44 
—0 .10 
1.00 
-0.21 
4.41 
—0.28 
7.84 
0.63 
39.69 
-0.48 
23.04 
O.32 
10.24 
0.30 
9.00 
—0.06 
0.36 
-0.20 
4.00 
0.07 
0.49 
0.11 
1.21 
Red pine 
ro 
r in % 
0.19 
3.61 
-0.12 
1.44 
-O.23 
5.29 
-0.20 
4.00 
0.48 
23.04 
-0.48 
23.04 
0.09 
0.81 
0.22 
4.84 
-0.08 
0.64 
—0 .18 
3.24 
0.00 
0.00 
0.02 
0.04 
aValues for r larger than O.33O are significant at 5% level; values for r 
larger than 0.424 are significant at 1% level. 
bX^  = pH; Xg = exch. Al; X3 = exch. + soluble bases; X^  = nitrif. N; 
X5 = cation exch. capacity; Xg = soluble salts; Xy = avail. P; Xg = avail. Kj 
X9 = (X1)(X2); X10 = (X2)(X6); X1X = (X2MX7); X12 = slope position. 
Table 6 (Continued) 
Species X1 x2 X3 X4 X5 X6 *7 x8 *9 X10 Xll x12 
Cottonwood 
r2 in % 
0.14 
1.96 
-0.15 
2.25 
-0.17 
2.89 
-0.04 
0.16 
0.00 
0.00 
-0.23 
5-29 
-0.37 
13.69 
-0.21 
4.41 
-0.19 
3.61 
—0.06 
0.36 
-O.25 
6.25 
-0.03 
0.09 
Jack pine 
r2 in % 
-0.12 
1.44 
0.14 
1.96 
-0.42 
17.64 
-0.41 
16.81 
0.53 
28.09 
-0.46 
21.16 
0.42 
17.64 
0.26 
6.76 
0.21 
4.41 
-0.11 
1.21 
0.38 
14.44 
0.14 
1.96 
Figure 13. Simple correlation between tree survival and six variables 
PITCH 
PINE 
EASTERN 
RED CEDAR 
GREEN 
ASH 
VIRGINIA 
PINE 
COTTON 
WOOD 
JACK 
PINE 
«- 0.60 
LEVEL 
-0.20 
5% 
LEVEL g r0.40 
-0.60 
OS 0 01 
-0.80 
o pH 
a EXCH. ALUMINUM 
a EXCH. 8 SOLUBLE 
BASES 
° SOLUBLE SALTS 
• pH X EXCH. ALUMINUM 
X EXCH. ALUMINUM X SOLUBLE SALTS 
Figure 14. Simple correlation between tree survival and six variables 
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phosphorus interaction, and correlated negatively with 
nitrifiable nitrogen and exchangeable bases at the 1- or 5-
percent level. In addition, pitch pine was correlated posi­
tively with available potassium at the 5-percent level. 
Linear multiple regression analyses were computed for 
survival of each species on the 12 variables used in correla­
tion analysis. The regressions were significant for all 
species (Table 7). The variables accounted for the greatest 
p 
amount of variation with survival of pitch pine, B = 82 
percent, and for the least amount of variation with survival 
of jack pine, B2 = 58 percent. 
According to the t-tests, different variables were 
significant in the regressions for each species (Table 8). In 
the regressions for Virginia, pitch and red pine, nitrifiable 
nitrogen was significant at the 1-percent probability level; 
while cation exchange capacity was significant at the 1- and 
5-percent levels with pitch and Virginia pine, but not with 
red pine. Available phosphorus was significant at the 5-
percent level in the pitch pine regression only. 
In the regression for green ash, exchangeable 
aluminum, soluble salt concentration and the pH and aluminum 
interaction were significant at the 5-percent probability 
level; whereas in the regression for cottonwood, only cation 
exchange capacity was significant. 
Variables which were correlated significantly with 
Table 7• Analysis of variance of 12 variables for survival of seven tree species 
Species Source of variation R R2 
Total Regression Deviations 
df (35) (12) (23) 
Pitch pine Sum of squares 
Mean square 
F 
17,679-71 14,454.50 
1,204.54 
3,225.21 
140.23 
8.589** 
0 .9042 0 .8176 
E. redcedar Sum of squares 
Mean square 
F 
13,472.27 10,359.62 
863.30 
3,112.65 
135.33 
6.379** 
0 .8769 0 .7690 
Green ash Sum of squares 
Mean square 
F 
28,922.79 21,330.03 
1,777.50 
7,592.76 
330.12 
5.384** 
0 .8588 0 .7375 
Va. pine Sum of squares 
Mean square 
F 
8,793.73 6,218.77 
518.23 
2,574.96 
111.96 
4.629** 
0 .3409 0 .7072 
Red pine Sum of squares 
Mean square 
F 
13,724.14 9,191.76 
765.98 
4,532.38 
197.06 
3.887** 
0 .8184 0 .6698 
Cottonwood Sum of squares 
Mean square 
F 
12,448.69 7,624.65 
635.39 
4,824.04 
209.74 
3.029* 
0 .7826 0 .6125 
Jack pine Sum of squares 
Mean square 
F 
12,559.35 7,345.02 
612.08 
5,214.33 
226.71 
2.700* 
0 • 7647 0 .5848 
**Signifleant at 1 percent level; ^ significant at 5 percent level. 
Table 8. Multiple regression statistics of 12 variables3 for survival of 
seven tree species 
Species Y X1 X2 X X4 X5 x6 Survival J 
(sin-lt/P) 
Pitch pine y 24.92 bi = -4.88? 16.998 -0.374 -O.702 4.155 -0.00106 
Sbi = 6.533 13.119 0.347 0.238 1.327 0.00475 
48.95 
t = 0.748 1.296 1.078 2.945** 3.132** 0.223 
E. redcedar y bi = -1.149 4.378 -0.398 -0.239 1.182 -O.OOI9O 
Sbi = 6.418 12.888 0.341 0.234 1.303 0.00467 
t = 0.179 0.340 1.165 1.022 0.907 0.407 
Green ash y 52.20 bi =-11.676 44.788 0.137 
0.542 
-O.I3O -3.908 -0.0153 
Sbi = 9.257 20.351 O.368 2.100 0.00732 
t = 1.261 2.201* 0.254 0-353 1.861 2.093* 
Va. pine y ss 18.55 bi = -1.660 11.726 -0.138 -O.63O 2.989 -0.00182 
Sbi = 5.838 11.722 0.310 
0.446 
0.213 1.185 0.00425 
t = 0.284 1.000 2.959** 2.522* 0.430 
Bed pine y 18.01 bi = 8.169 11.647 -0.697 -O.832 2.546 0.00159 
Sbi = 7.745 15.552 0.412 0.282 1.573 0.00563 
t = 1.055 0.749 
-l:ÎU 2.945** 1.619 0.282 Cottonwood y = 20.85 bi = 4.507 22.260 0.00608 4.659 0.00453 
Sbi = 7.379 16.222 0.432 0.294 1.674 0.00583 
t = 0.611 1.372 1.562 0.0207 2.784* 0.777 
Jack pine y 22.53 bi = 0.432 11.067 -0.581 -0.415 2.851 0.00227 
Sbi = 8.307 16.681 0.442 O.3O3 1.687 0.00604 
t = 0.052 0.663 1.316 I.368 1.690 0.375 
aSee footnote b, page 58 for explanation of variables. 
**Signifleant at 1% level; *signifleant at 5% level. 
Table 8 (Continued) 
Species Y 
Survival 
(sin-l|/P) 
x? X8 X9 *10 *11 %12 
Pitch pine y 24.92 bi -4.937 0.149 -5.776 -0.00118 0.468 -2.137 
Sbi 2.063 0.129 4.400 0.00119 G. 580 2.787 
48.95 
t = 2.393* 1.158 1.313 0.993 0.806 0.767 
E. redcedar y bi -3.507 -0.0207 -2.442 -O.OOI59 0.247 1.540 
Sbi = 2.027 0.127 4.322 0.00117 0.570 2.738 
t = 1.730 O.I63 0.565 1.359 0.433 0.562 
Green ash y 52.20 bi -4.683 0.116 -15.965 -O.OOIO7 1.235 -0.319 
Sbi 2.3I8 0.198 6.676 0.00182 0.800 4.208 
t 2.020 O.586 2.391* 0.588 1.545 0.0758 
Va. pine y 18.55 bi -2.544 0.080 -4.405 -0.000280 0.150 -1.083 
Sbi 1.843 0.115 3.931 0.00107 0.518 2.490 
t = I.38O 0.693 1.120 0.263 0.289 0.435 
Red pine y 18.01 
St, 
-4.307 0.123 -3-337 -O.OOO54 --0.086 -3.463 
= 2.446 0.153 5-216 0.00141 0.688 3.304 
t 1 = 1.761 0.806 0.640 0.382 0.125 1.048 
Cottonwood y 20.85 bi -3.331 -0.229 -6.242 -0.00294 0.499 -2.476 
Sbi = 1.848 0.158 5.321 0.00145 0.637 3.354 
t 1.803 1.451 1.173 2.027 0.783 0.738 
Jack pine y 22.53 bi -1.499 0.0115 -3.570 -O.OOI31 O.387 1.272 
Sbi = 2.623 0.164 5-594 0.00152 0.737 3.544 
t 0.571 0.0701 O.638 0.862 0.524 0.359 
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survival of a species in terms of simple correlation were not 
always significant in the regression equation» Moreover, 
in some instances the simple correlation of the variable 
with survival did not have the same sign, positive or nega­
tive, as the regression coefficient. For example, five 
variables were correlated with eastern redcedar survival at 
the 1-percent probability level, yet none of the terms in 
the regression equation were significant. In addition, the 
signs of several regression coefficients differed from those 
of the correlation coefficients. The high amount of inter-
correlation among the variables which were correlated well 
with survival of this species caused these changes in 
significance and signs. When two or more variables, which 
are well intercorrelated and correlated with the dependent 
variable, are included in the same regression equation the 
amount of variation which can be accounted for by any one 
variable, after fitting the others, is limited. 
Yield aaa poai-sppll pherMterlstlcs Yield 
(number of trees per plot times average tree height) was 
determined for seven tree species on the 1953 Otley, Pella, 
Pershing, Oskaloosa, Eldon and Selma plots on upper and 
lower slopes (Table 27, Appendix). These data and the 
data for the selected chemical characteristics of the spoil 
materials (Table 6) were used in calculating the correlation 
coefficients for yield of each species with the spoil chemical 
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characteristics. Correlation analyses of yield indicated 
some relationships between the chemical factors measured and 
tree yield (Tables 28 through 34, Appendix). 
Among the coniferous species, eastern redcedar was 
positively correlated with pH, nitrifiable nitrogen and 
exchangeable bases, and was negatively correlated with 
exchangeable aluminum at the 1-percent probability level. 
Pitch pine was positively correlated with cation exchange 
capacity, available potassium and available phosphorus at 
the 1- or 5-percent level; and red pine was negatively 
correlated with soluble salt concentration at the 5-percent 
level. Jack pine was positively correlated with available 
potassium at the 5-percent level, but Virginia pine was not 
correlated with any variables. 
Among the broadleafed species, cottonwood was 
positively correlated with exchangeable bases and nitrifiable 
nitrogen at the 1- and 5-percent probability levels; while 
green ash was positively correlated with exchangeable bases, 
and negatively correlated with cation exchange capacity at 
the 5-percent level. 
Linear multiple regression analyses were computed 
for yield of each species on the nine variables used in the 
correlation analysis. The regressions for cottonwood, 
eastern redcedar and pitch pine were significant (Table 9). 
The variables accounted for the greatest amount of variation 
Table 9» Analysis of variance of nine variables for yield of seven tree species 
Species 
Total 
9f variation B 
Regression Deviations 
H' 
Cottonwood 
E. redcedar 
Pitch pine 
Green ash 
Bed pine 
Sum of squares 
df 
Mean square 
F 
Sum of squares 
df 
Mean square 
F 
Sum of squares 
df 
Mean square 
F 
Sum of squares 
df 
Mean square 
F 
Sum of squares 
df 
Mean square 
F 
22,655.76 
17 
24,912.50 
34 
9,286.82 
19 
29,222.56 
28 
2,792.15 
13 
20,464.44 
9 
2,273.83 
8.3OI** 
19,435.22 
9 
2,159.50 
9.857** 
7,100.97 
9 
789.OO 
3.610* 
14,990.53 
9 
1,665.61 
2.224 
2,056.99 
9 
228.55 
1.244 
2,191.32 0.9504 0.9033 
8 
273.92 
5,476.98 O.8833 0.7802 
25 
219.08 
2,185.85 0.8744 0.7646 
10 
218.58 
14,232.04 0.7162 0.5130 
19 
749.05 
735.16 0.8583 0.7367 
4 
183.79 
**Signifleant at 1% level; *signifleant at 5% level. 
Table 9 (Continued) 
Species 
Total 
Source of variation H B" 
Regression Deviations 
Va. pine 
Jack pine 
Sum of squares 5,623.78 
df 16 
Mean square 
P 
Sum of squares 12,095.73 
df 18 
Mean square 
F 
3,233.47 
9 , 
358.16 
1.044 
5,435.77 
9 
603.97 
2,400.31 0.7571 0.5732 
7 
342.90 
6,659.96 0.6704 0.4494 
9 
739.99 
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with the Cottonwood regression, B2 = 90 percent, and the 
least amount with the jack pine regression, B2 = 45 percent. 
Multiple regression statistics showed that certain 
variables were significant in the regressions for eastern 
redcedar and cottonwood yield (Table 10). In the regression 
of eastern redcedar yield on spoil characteristics, slope 
position and soluble salt concentration were significant at 
the 1-percent probability level, and nitrifiable nitrogen was 
significant at the 5-percent level. The signs of the coef­
ficients for slope position and nitrifiable nitrogen were 
positive, while the sign for soluble salt concentration was 
negative. 
In the cottonwood regression, available phosphorus 
was significant at the 1-percent probability level, and 
exchangeable aluminum and soluble salt concentration at the 
5-percent level. The signs of the coefficients for exchange­
able aluminum and available phosphorus were negative, while 
the sign for soluble salt concentration was positive. 
To aid in an interpretation of the relationship of 
these variables to the growth of cottonwood, eastern redcedar 
and pitch pine, a number of regressions were calculated, based 
on combinations of two or more variables. Because of the 
importance of cottonwood as a species invading many sites on 
coal-spoil materials, more combinations of variables were 
investigated. The combinations of variables which accounted 
Table 10. Multiple regression statistics of nine variables* for yield of seven 
tree species 
Species Y 
Yield *L 
X2 X3 X4 X5 
Cottonwood y 54.80 bi = -19-442 3.072 -19.898 -I3.86O 0.275 
df = 8 Sbi = 9.338 6.328 6.455 4.073 0.294 t = 2.082 0.486 3.083* 3.403** 0.936 
E. redcedar y ss 46.09 bi = -9.831 , 11.735 -4.442 -3.3I5 0.0284 
df = 25 Sbi = 5.791 3.327 2.609 1.836 0.0776 
t 1.697 3.527** 1.703 1.805 0.366 
Pitch pine y 30.51 
sti = -0.977 0.546 -2.161 -2.063 0.0738 df = 10 7.114 6.251 3-228 2.893 0.155 
t = 0.137 0.087 0.669 0.713 0.475 
Green ash y 52.63 bi = -20.674 7.901 -7.298 -2.237 0.159 
df Si 19 Sbi = 13.224 6.275 8.282 3.151 O.313 
16.69 
t = 1.563 1.259 0.881 0.710 0.508 
Bed pine y bi = 11.956 -8.126 -I.059 -10.404 0.267 
df 4 Sbi = 12.267 10.660 6.463 7.521 0.262 
t 0.975 0.762 0.164 1.383 1.016 
Va« pine y 36.76 bi = -9.295 17.438 -7.439 -7.856 0.164 
df 7 Sbi — 9.256 10.370 4.271 3-777 0.209 
t 1.004 1.682 1.742 2.080 0.785 
Jack pine y 37.32 bi = -6.033 11.920 -2.964 -2.528 0.307 
df 9 Sbi = 18.886 12.052 6.707 5-979 0.292 t = 0.319 0.989 0.442 0.423 1.049 
aXjL = pH; %2 = slope position; X3 = exch. Al; X4 = avail. P; 
X5 = avail. K; X5 = soluble salts; Xy = nitrif. N; Xg = cation exchange capacity; 
Xç = exch. + soluble bases. 
••Significant at 1% level; ^ significant at 5% level. 
Table 10 (Continued) 
Species Y 
Yield %6 
X? X8 X9 
Cottonwood y 54.80 
sti: 
0.0216 1.356 3.344 0.932 
df 8 0.00880 0.647 3-755 1.150 t = 2.458* 2.096 0.890 0.811 
Eastern redcedar y 46.09 bi = -O.OI3O O.58I -1.998 0.645 
df 25 Sbi = 0.00385 0.263 1.243 0.383 
t 3.368** 2.211* 1.608 1.684 
Pitch pine y = 30.51 bi = 0.000895 -0.947 5.174 -O.519 
df 10 Sbi - 0.00781 0.810 2.649 O.638 
t 0.115 1.169 1.954 O.8I3 
Green ash y 52.63 bi = -0.0116 0.104 -5.280 1.162 
df 19 Sbi = 0.00904 0.606 4.294 0.926 
16.69 
t 1.289 0.172 I.230 1.255 
Bed pine y bi = 0.0128 -2.O63 0.863 -0.551 
df 4 Sbi — 0.0171 1.081 3.692 0.932 
t 0.754 1.908 O.234 0.592 
Virginia pine y 36.76 bi = 0.000496 -I.205 2.814 0.270 
df 7 Sbi = 0.0114 1.114 3-782 0.913 
t 0.043 1.081 0.744 0.296 
Jack pine y = 37.32 bi = 0.00265 O.3I8 —1.648 -0.873 
df = 9 Sbi — 0.0192 1.540 5.064 1.440 t = 0.138 0.206 0.326 0.606 
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for the greatest variation in yield are shown in Table 11. 
Eastern redcedar yield was related most closely to pH 
and available phosphorus among the combinations of two vari-
p 
ables, R = 4-9 percent. In combinations of three variables, 
available phosphorus, soluble salt concentration and exchange­
able bases accounted for 59 percent of the variation. 
Pitch pine yield was related most closely to cation 
exchange capacity and exchangeable bases among the combinations 
of two variables, R2- = 70 percent. The multiple regression 
statistics showed the coefficients of cation exchange capacity 
and exchangeable bases to be significant, and after both 
variables were fitted, the regression on the seven deleted 
variables was not significant (Tables 12 and 13)• All nine 
variables accounted for 76 percent of the variation in yield. 
Exchangeable aluminum and soluble salt concentration 
occurred in all the combinations which gave the greatest 
reduction in sum of squares for cottonwood yield. The two 
variables accounted for 65 percent of the variation, and the 
addition of any one of the other variables did not improve 
the regression significantly, although with available phos­
phorus, the R2 was increased to 71 percent. The combination 
of the five variables, exchangeable aluminum, soluble salt 
concentration, available phosphorus, available potassium and 
nitrifiable nitrogen, accounted for 85 of the 90 percent 
variance accounted for by all nine variables. Multiple regres-
Table 11. Species and the combinations of variables in regression giving the 
greatest coefficients of multiple determination (R2) 
Species Variables B2 (#) 
Cottonwood Xj - Exch. Al; Xg - Soluble salts 64.8 
X3 - Exch. Al; X4 - Avail. P; X5 - Soluble salts 71.1 
X<j - Exch. Al; X^  - Avail. P; X«j - Avail. K; 
Xg - Soluble salts 77*5 
X3 - Exch. Al; X^  - Avail. P; X^  - Avail. K; 
X^  - Soluble salts; Xy - Nitrif. N 84.9 
X^  - Exch. Al; X^  - Avail. P; X^  - Avail. K; 
X^  - Soluble salts; Xy - Nitrif. N; Xg - Exch. bases 85»0 
All variables 90.0 
Eastern redcedar X^  - pH; X^  - Avail. P 49.3 
Xty - Avail. P; Xg - Soluble salts; X^  - Exch. + 
soluble bases 58.8 
All variables 78.0 
Pitch pine Xg - Cation exch. capacity; Xg - Exch. + soluble bases 70.0 
All variables 76.5 
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Table 12. Multiple regression statistics of two variables 
for pitch pine yield 
%8 *9 
Cation exchange capacity Exchangeable bases 
bi = 4.999 -0.562 
II •H & 0.794 0.224 
t 6.296** 2.508* 
••Significant at level; •significant at 5% level. 
Table 13» Analysis of variance of regression on seven deleted 
and two remaining variables for pitch pine yield 
Variation due to df Sum of squares Mean square 
Regression on Xg, Xn 
Deviations 
Totals 
P 17 = 3250.72/163.85 
2 
17 
19 
= 19. 
6,501.43 
2,785.39 
9,286.82 
840** 
3,250.72 
163.85 
Regression on Xg, Xg 2 6,501.43 3,250.72 
Regression on X^, X2, 
X3, fy, X5, Xg, Xy 
after fitting Xg, Xg 7 599.54 85-65 
Regression on X^, X2, 
• •« , Xç 9 7,100.97 789.00 
Deviations 
Total 
p 10 = 85.65/218.58 = 
10 
19 
0.392 
2,185.85 
9,286.82 
218.58 
••Significant at 1% level 
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sion statistics and analysis of variance of the regressions 
showed that the deleted variables did not improve the 
regression significantly (Tables 14 and 15)» 
Table 14. Multiple regression statistics of five variables0 
for cottonwood yield 
%4 *5 *6 %7 
bt = -11.164 -11.065 0.364 0.0257 -1.135 
Sb^  = 2.876 3.156 0.113, 0.00502 0.466 
t = 3.882** 3.506** 3.220** 5.112** 2.433* 
aX-j = exch. Al; = avail. P; X^  = avail. K; 
X5 = soluble salts; Xy = nitrif. N. 
••Significant at 1% level; *significant at 5% level. 
As discussed in the results of correlation and regres­
sion analyses of tree survival and coal-spoil characteristics, 
the simple correlation coefficients do not always indicate 
the significance of variables in a regression equation. 
Intercorrelation among the independent variables, when used 
in the same regression equation, may cause lack of significance 
of any one or more of the variables. Moreover, intercorrela­
tion may cause a change of sign of a coefficient of a variable, 
from positive in simple correlation to negative in multiple 
regression, and vice versa. 
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Table 15* Analysis of variance of regression on four 
deleted and five remaining variables for 
cottonwood yield 
Variation due to df Sum of squares Mean square 
Regression on Xy X^ , 
Xy X6, Xr, 5 19,237.21 3,847.44 
Deviations 12 3,418.55 284.88 
Total 17 22,655*76 
F512 = 3847.44/284.88 = 13-505** 
Regression on Xy X^, 
X5, X6, Xy 5 19,237.21 3,847.44 
Regression on Xlf Xg, 
Xg, Xg after fitting 
X3, fy, X5, X6, Xy JL_ 1.227.21 TOf.91 
Regression on Xlt X2, 
..., Xg 9 20,464.44 2,273.83 
Deviations JL 2.191.32 
Total 17 22,655.76 
F4g = 306.81/273.92 = 1.120 
•"Significant at 1% level 
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The variability of the correlation between the 
independent variables and yield of cottonwood, when corrected 
for the effect of the relationship of other variables to 
yield (Ezekiel and Fox cl959, p. 192), is shown in Figures 
15 through 19. Exchangeable aluminum was not correlated 
significantly with cottonwood yield, but whenever correction 
for soluble salt concentration was made, the correlation was 
increased greatly and was highly significant (Figure lj). 
Correction for phosphorus increased the partial correlation, 
but correction for nitrifiable nitrogen reduced the correla­
tion almost to zero. A possible explanation for some of the 
change in the partial correlation coefficients is that high 
soluble salt concentration occurred with high and low exchange­
able aluminum, and with high and low yield. When, in a regres­
sion with both variables present, the variation associated 
with soluble salt concentration was removed, the relation 
between yield and exchangeable aluminum was improved greatly. 
This is best illustrated in Figure 16 which shows the regres­
sion surface described by the two variables and the data 
points used in the calculations. 
In addition, nitrifiable nitrogen was sufficiently 
well correlated with yield and with exchangeable aluminum 
that little variation could be associated with exchangeable 
aluminum after regression was made on nitrifiable nitrogen. 
Available phosphorus was not correlated significantly with 
Figure 15. Simple and. partial correlation coefficients for correlation of 
cottonwood yield with exchangeable aluminum 
N = nitrifiable nitrogen 
P = available phosphorus 
S = soluble salt concentration 
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Figure 16. Block diagram of the regression of cottonwood yield on exchangeable 
aluminum and soluble salt concentration. The circles are data 
points. 
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yield or exchangeable aluminum; therefore, in combination 
with exchangeable aluminum in a regression equation, phos­
phorus accounted for some variation not associated with 
exchangeable aluminum. The remaining variation was better 
related to the level of exchangeable aluminum, and the 
partial correlation coefficient was increased. 
The partial correlation coefficient of available 
phosphorus with yield, except where correction was made for 
exchangeable aluminum, did not vary greatly (Figure 17)• 
The explanation for the increase in the partial correlation 
coefficient where correction was made for exchangeable 
aluminum may be similar to that given above for the increase 
in the partial correlation coefficient for exchangeable 
aluminum where correction was made for phosphorus. Available 
phosphorus was not correlated with nitrifiable nitrogen, 
which was correlated with yield, and correction for this 
variable did not affect the correlation of available phos­
phorus with yield; available phosphorus was correlated with 
soluble salt concentration, which was not correlated with 
yield, and correction for this variable did not affect greatly 
the correlation of available phosphorus with yield. However, 
when correction was made for the two variables, enough varia­
tion related to available phosphorus was removed that the 
partial correlation coefficient was reduced. 
The partial correlation of soluble salt concentration 
Figure 1?• Simple and partial correlation coefficients for correlation of 
cottonwood yield with available phosphorus 
N = nitrifiable nitrogen 
Sa = soluble salt concentration 
Al = exchangeable aluminum 
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with yield varied when correction was made for exchangeable 
aluminum, nitrifiable nitrogen and available phosphorus 
(Figure 18). Explanation for the great increase in correla­
tion when correction was made for exchangeable aluminum is 
the converse of that given for the change in the correlation 
of exchangeable aluminum with yield when correction was made 
for soluble salt concentration. Since soluble salt concen­
tration and nitrifiable nitrogen were not correlated, correc­
tion for the latter, which was correlated with yield, did not 
affect appreciably the partial correlation coefficient. 
Correction for available phosphorus, which was correlated 
with soluble salt concentration, removed sufficient variation 
that the partial correlation coefficient was reduced to zero. 
The correlation of nitrifiable nitrogen with yield 
changed from a significant positive relation to a negative 
relation when the variation associated with exchangeable 
aluminum, available phosphorus and soluble salt concentration 
was removed (Figure 19). The negative correlation of nitrifi­
able nitrogen with exchangeable aluminum appeared to account 
for most of the change. The variation in yield, remaining 
after correction for exchangeable aluminum and soluble salt 
concentration, was not correlated with nitrifiable nitrogen. 
ficsxtii £l eastern çgttoBwgçfl 
Correlation with coal-spoil characteristics Total 
height and tree age and some physical and chemical measurements 
Figure 18. Simple and partial correlation coefficients for correlation 
of cottonwood yield with soluble salt concentration 
N = nitrifiable nitrogen 
P = available phosphorus 
Al = exchangeable aluminum 
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Figure 19• Simple and partial correlation coefficients for correlation of 
cottonwood yield with nitrifiable nitrogen 
P = available phosphorus 
Sa = soluble salt concentration 
Al = exchangeable aluminum 
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of composite samples of the coal-spoil material were obtained 
in 1961 for each of the 100, single-tree plots in southeastern 
Iowa (Tables 35 and 36, Appendix). Correlation analyses of 
these data showed tree height to be correlated positively 
with tree age (Table 16). The chemical characteristics 
correlated positively with tree height at the 1- or 5-percent 
probability level were pH, exchangeable calcium, available 
potassium, the sum of calcium, magnesium and potassium and 
nitrifiable nitrogen. Chemical characteristics correlated 
negatively with tree height were exchangeable aluminum and 
exchangeable hydrogen. Percentage less than 2-mm soil was 
correlated positively with tree height at the 1-percent level, 
but no relationships were indicated with the other physical 
characteristics. 
Tree height increment and the nitrogen, phosphorus, 
potassium, calcium and magnesium composition of leaf samples 
were determined at the end of the 1961 growing season (Table 
37, Appendix). Correlation analyses showed that 1961 height 
increment was correlated positively with initial tree height 
and foliar nitrogen, phosphorus and potassium. Height incre­
ment was correlated negatively with foliar magnesium (Table 
17). Foliar nitrogen was correlated positively with foliar 
phosphorus. 
Linear multiple regressions Tree age and nine 
chemical characteristics accounted for approximately 49 
o 
Table 16. Correlation coefficients (r) and coefficients of determination (r , in %) for total 
height and 14 variables8 ^ 
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 
XI .84 -.62 
X2 .71 
X3 
X4 
X5 
X6 
X7 
X8 
X9 
X10 
XII 
X12 
Y .48 -.37 -.33 
r2 23.04 13.69 10.89 
57 .14 .09 .60 .58 -.27 .75 -.08 -.18 .48 .59 
45 -.24 -.14 -.50 -.48 .30 -.60 .09 .04 -.45 -.42 
23 -.18 -.18 -.47 -.26 .48 -.40 .04 .12 -.45 -.26 
-.10 .15 .25 .98 .38 .49 -.13 .05 .28 .35 
.07 .11 .06 -.19 .11 .05 .18 .22 -.12 
.06 .14 -.05 .16 -.09 .13 .21 .13 
.28 -.33 .68 .08 -.08 .43 .43 
.35 .50 -.10 .07 .32 .33 
-.11 .01 .14 -.30 -.04 
.00 .00 .45 .45 
.16 .15 -.15 
.24 -.18 
33 -.09 .18 .35 .30 -.21 .41 -.10 -.01 .45 .61 
89 0.81 3.24 12.25 9.00 4.41 16.81 1.00 0.01 20.25 37.21 
\ = pH; Xg = exch. Al; = exch. H; = exch. Ca; X^ = exch. Mg; X^ = avail. P; 
Xy = avail. K; Xg = E (ca, Mg and K) ; = soluble salts; X^Q = nitrif. N; X^ = soil air 
permeability; X^ = field capacity; X^ = % < 2-mm soil; X^ = tree age. 
b 
n = 100; df = 98; r = .37 at 17. level; r = .24 at 57. level. 
Table 1?• Correlation coefficients (r) and coefficients of determination (r%) 
for height increment and six variables 
*15 
% N 
X16 
% P 
*17 
% K 
*18 
£ Ca 
*19 
% Mg 
20 
Initial 
height 
*15 % N — —  —  .69 .26 — .06 — . 28 .36 
X16 % P — — .33 -.15 — . 38 .38 
x17 % K —  —  — —  — .06 -•53 •33 
*18 % Ca ——— .04 .24 
x19 % Mg — — — —  -.49 
Y Height increment (1961) .50 .44 .24 .02 
-.33 •57 
r2 : in % 25.00 19.36 5.76 0.04 10.89 32.49 
an = 100; df = 98; r = .37 at 1% level; r = .24 at 5% level. 
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percent of the variation in tree height (Table 18). The 
coefficients for tree age, exchangeable calcium and soluble 
salt concentration were significant at the 1- or 5-percent 
level* Tree age accounted for most of the variation in tree 
height. A regression on age alone accounted for 37 percent 
of the variance and the nine chemical characteristics sig­
nificantly reduced the variance another 12 percent (Table 19). 
A linear multiple regression of tree height on three 
physical characteristics of the coal-spoil materials and tree 
age accounted for 47 percent of the variation in tree height 
(Table 20). In addition to tree age, percentage less than 
2-mm soil was significant in the regression. In simple cor­
relation, percentage less than 2-mm soil was related to all 
the chemical characteristics except available phosphorus, and 
was correlated positively with tree height. An additional 
regression, in which seven of the chemical characteristics 
of the spoil materials, percentage less than 2-mm soil and 
tree age were used, accounted for almost 52 percent of the 
variation in height (Table 21). In this regression, soluble 
salt concentration, percentage less than 2-mm soil and tree 
âgé were significant variables. 
Initial tree height and foliar nitrogen, phosphorus, 
potassium, calcium and magnesium accounted for 43 percent of 
the variation in the height increment during the 1961 growing 
season (Table 22). Initial height and foliar nitrogen were 
Table 18. Multiple regression statistics and analysis of variance of 10 variables for total 
height 
Total 
height 
1 2 3 4 6 7 8 9 10 14 
Exch. Exch. Exch. Avail. Avail. Z (Ca,Mg Soluble Nitrif. Tree 
pH Al. H Ca P K and K) salts N age 
y = 22.75 Xj. 5.53 1.58 0.24 12.92 
bi =-1.177 0.0313 -1.441 0.622 
0.902 0.549 2.195 0.278 0.107 
t = 1.305 0.057 0.657 2.240* 0.290 
Sbi 
3.69 127.11 14.87 735.0 24.42 12.92 
0.0309 -0.00800 -0.383 -0.00283 0.0786 1.274 
0.0116 0.272 0.000895 0.0570 0.227 
0.689 1.408 3.160** 1.380 5.609** 
Analysis of variance 
Variation due to: 
Regression 
Deviations 
Total 
R2 - 0.4922 
R = 0.7016 
df 
10 
89 
99 
Sum of squares 
2,421.27 
2,498.02 
4,919.29 
,10 
Mean square 
242.13 
28.07 
89 
= 8.626** 
^Number of observations = 100. 
**Significant at 17. level; *significant at 5% level. 
Table 19• Analysis of variance of regression on nine deleted and one remaining 
variable for total height 
Variation due to: 
Regression on 
Deviations 
Total 
= 1,816.60/31.66 = 57.378** 
9 0  
Regression on 
Regression on Xlf X2, X3, X^ , X5, Xy, 
Xq, X9, X10 after fitting X^  
Regression on X^ , X2, .., X^  
Deviations 
Total 
P989 = 67.19/28.07 = 2.394* 
df Sum of squares Mean square 
1 1,816.60 1,816.60 
98 3,102.69 31.66 
99 4,919.29 
1 1,816.60 1,816.60 
9 604.67 67.19 
10 2,421.27 242.13 
89 2,498.02 28.07 
99 4,919.29 
**Signifleant at 1% level; *signifleant at 5# level 
Table 20. Multiple regression statistics and analysis of variance of four 
variables for total height 
Y X11 12 x13 Xl4 
Total Soil air Field < 2-mm Tree 
height permeability capacity soil age 
y = 22.75 ii 0.50 22.02 95-34 12.92 
bi = 
-I.340 0.0208 0.487 1.171 
Sb1 = 1.433 0.0996 0.122 O.I83 
t 0.935 0.207 3.993** 6.397** 
Analysis of variance^  
Variation due to: df Sum of squares Mean square 
Regression 4 2,307.56 576.89 
Deviations 95 2,611.73 27.49 
Total 99 4,919.29 
R2 = 0.4691 
R = 0.6849 F495 = 20.98** 
aNumber of observations = 100. 
**Significant at 1% level. 
Table 21. Multiple regression statistics and analysis of variance of nine variables for total 
height 
Y 
Total 
height 
X2 
Exch. 
A1 
X4 
Exch. 
Ca 
X5 
Exch. 
Mg 
X6 
Avail. 
P 
X7 X9 
Avail. Soluble 
K salts 
xio 
Nitrif. 
N 
X13 
< 2-mm 
soil 
X14 
Tree 
age 
y = 22.75 x^ = 1.58 12.92 1.77 3.69 127.11 735.0 24.42 95.34 12.92 
n
 i-t ja 0.342 0.144 -0.390 0.0471 -0.0122 -0.00196 0.0316 0.382 1.141 
Sbi = 0.388 0.082 0.351 0.100 0.0110 0.000799 0.0492 0.136 0.202 
t 0.881 1.772 1 . 1 1 1  0.469 1.022 2.512* 0.642 2.803** 5.656' 
Analysis of variance* 
Variation due to: df Sum of squares Mean square 
Regression 9 2,532.95 281.44 
Deviations 90 2,386.34 26.52 
Total 99 4,919.29 
R2 = 0.5149 , 9  90 
= 10.61** 
R = 0.7176 
^Number of observations = 100. 
^Significant at 1% level; ^significant at 5% level. 
Table 22. Multiple regression statistics and analysis of variance of six 
variables for height increment 
Y 
Height 
increment 
*1 
% N 
X2 
% P 
*3 
% K % Ca 
*5 
% Mg 
X6 
Initial 
height 
y = 3.39 
*i = 2.28 0.18 1.40 1-35 0.59 22.75 
bi = 1. 6l 4 2.514 -0.119 -0.419 -0.202 O.I63 
Sbi = 0.585 5-998 0.521 0.621 0.912 0.0364 
t = 2.759** 0.419 0.229 0.675 0.221 4.472*' 
Analysis of variance9-
Variation due tos df Sum of squares Mean square 
Regression 6 278.91 46.48 
Deviations 93 372.92 4.01 
Total 99 651.83 
B2 = 0.4279 
R = 0.6541 
93 
= 11.591** 
aNumber of observations = 100 
••Significant at 1% level. 
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significant in the regression at.the 1-percent level. A 
regression of height increment on initial tree height and 
foliar nitrogen accounted for 42 percent of the variance, and 
the deleted four variables only accounted for less than 1 
percent after initial tree height and foliar nitrogen were 
fitted (Tables 23 and 24). 
Table 23. Multiple regression statistics of two variables 
for height increment 
*1 
% N Initial 
height 
bA = 1.828 
Sbj^  = 0.441 
t = 4.148** 
0.160 
0.0301 
5.326** 
••Significant at 1% level; *significant at 5% level. 
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Table 24. Analysis of variance of four deleted and two 
remaining variables for height increment 
Variation due to df Sum of squares Mean square 
Regression on Xlf Xg 2 275.32 137.66 
Deviations 97 376.52 3.88 
Total 99 651.84 
F297 = 137.66/3.88 = 35.479** 
Regression on X^, X^ 2 275.32 137.66 
Regression on X2, Xy X^, 
X^, after fitting X^, X^ if. 3.59 0.90 
Regression on X^, Xg, X5 6 278.91 46.48 
Deviations 93 372.92 4.01 
Total 99 651.84 
= 0.90/4.01 = 0.224 
••Significant at the 1% level. 
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DISCUSSION 
Survival and Growth of Planted Trees 
Results of survival and growth studies of plantings 
made in 1952 and 1953 indicate that green ash and cottonwood 
offer the most promise among the broadleafed species for 
reclamation of the various coal-spoil materials. Overall 
survival of green ash was superior to cottonwood, but the 
abundance of natural cottonwood, which invaded many coal-
spoil sites, indicates that better results could be expected 
in future plantings. Cottonwood grew much faster on a 
variety of sites and, on the average, more than doubled the 
height of green ash. 
Green ash appears best suited for the moderately 
acid to calcareous coal-spoil materials where competition is 
not extreme and nutrient levels are more favorable. North 
and east aspects, and protected coves, offering favorable 
moisture conditions, are the best planting sites (Figure 4). 
Cottonwood invaded sites on all classes of coal-spoil 
materials. It grew best on the moderately acid and calcareous 
materials, and where competition for moisture, nutrients and 
light was not great. Competition for moisture and light may 
limit cottonwood survival and growth more than competition for 
nutrients on these sites. Many volunteer trees survive and 
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make fair growth on coal-spoil materials usually considered 
toxic (pH 2.7 to 4.0). Other vegetation is very sparse. It 
might be desirable to encourage volunteer cottonwood on the 
more acid and toxic materials where moisture conditions are 
favorable. The trees may hasten the amelioration of the 
surface materials so that more demanding species could be 
utilized in subsequent plantings. 
Eastern redcedar survival and growth was best on 
the calcareous coal-spoil materials. Some trees survived 
on the most acid spoils, but the best possibilities for this 
species appear to be on calcareous sites. Moreover, limited 
plantings on moderately acid coal-spoil materials, such as 
the acid buff shale at Pershing, appear desirable (Figure 4). 
Eastern redcedar is relatively drought resistant and can be 
planted on drier sites. 
Response of the pines was erratic. Survival and 
growth were very low on the calcareous materials; therefore, 
the pines probably should not be planted on the calcareous 
shales or glacial tills. In general, the pines appear to be 
tolerant of strongly acid and dry site conditions. Jack and 
Virginia pine seem best suited for the strongly to moderately 
acid spoil materials and dry sites. Pitch pine is adapted to 
the same materials, but probably should be planted on more 
moist sites. Red pine and eastern white pine plantings 
should be limited to the more fertile, slightly acid materials 
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and moist sites. Bed pine suffered severe browse damage. 
Apparently its long needles, which break off cleanly when 
doubled between the fingers, are preferred over the shorter 
and less brittle needles of jack, Virginia and pitch pine. 
Table-mountain and Scotch pine may be as suitable as jack and 
Virginia pine for the acid, dry sites if desirable seed sources 
can be obtained. 
Relationship of Tree Growth to Coal-spoil Characteristics 
less, survival, growth âM ggftl-spQill sharastsrigtics 
Correlation analyses and linear multiple regression 
equations were used to investigate the relationship of tree 
survival and growth to selected chemical characteristics of 
the coal-spoil materials. Survival of all species was 
related to some characteristics. The small number of observa­
tions and the intercorrelations among the various chemical 
characteristics made interpretation of relationships difficult. 
The significant regressions, with high percentages of varia­
tion accounted for, indicate that the variables measured are 
important to tree growth under the circumstances studied, or 
that they are related to other factors, not measured, which 
are important. Cause and effect cannot be determined from 
these results, but the indicated relationships may permit 
formulation of ideas for future studies designed to determine 
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more specifically the important factors• 
Survival Survival of the broadleafed species, 
green ash and cottonwood, was not clearly related to any one 
of the variables. Apparently, both species will survive 
at rather high levels of exchangeable aluminum and soluble 
salt concentration, and low pH conditions. 
Among the coniferous species, eastern redcedar 
survival was related to some of the variables. Although no 
single variable was significant in regression, the positive 
correlation of survival with pH, and the negative correlations 
with exchangeable aluminum and soluble salt concentration 
indicated reasonable relationships. Among the pine species, 
cation exchange capacity, nitrifiable nitrogen and soluble 
salt concentration appeared best related to survival. 
Survival of pitch and Virginia pine was related to cation 
exchange capacity in simple correlation and in regression 
when the variation accounted for by other variables was 
removed. Cation exchange capacity is related to the amount 
and kind of clay, and the amount of organic matter in the 
soil. The greater the clay content and the more montmoril-
lonitic-type clay in the soil, the higher the exchange 
capacity of the soil. Similarly, the more organic matter 
present, the higher the exchange capacity. These factors 
are related to fertility levels and the moisture-holding 
capacity of the soil, which could influence survival of the 
101 
trees. In the range of observations of this study, cation 
exchange capacity was correlated positively with available 
phosphorus and available potassium, and was correlated 
negatively with soluble salt concentration. Each of these 
variables could have a direct effect on the survival of the 
pine species, and their net effect could be reflected in the 
relation of cation exchange capacity to survival. 
Growth Because of the lack of survival on many 
plots, less data were available for the investigation of 
yield and coal-spoil characteristics than for the investiga­
tion of survival. Fewer degrees of freedom were available 
for tests of significance of the regressions and the variables 
within the regressions. The results of the tests reflect this 
in terms of significant relationships obtained. Only the 
cottonwood, eastern redcedar and pitch pine regressions ac­
counted for significant amounts of variation in yield. When 
combinations of fewer than nine variables were used in 
calculating additional regressions for the yield of these 
species, the apparent importance of some of the chemical 
characteristics was shown by the high percentage of variation 
accounted for by as few as two variables (Table 11). 
Results of numerous combinations of variables used in 
regression of cottonwood yield on chemical characteristics of 
coal-spoil materials indicated that the two variables best 
related to yield were exchangeable aluminum and soluble salt 
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concentration (Figure 19)• High soluble salt concentration 
occurred under both acid and calcareous conditions. Apparently 
the high soluble salt concentrations were not detrimental to 
cottonwood growth on the calcareous materials, but where 
soluble salt concentrations were high, pH low and exchangeable 
aluminum high, yield was reduced greatly. These results 
support the possibility of aluminum toxicity to trees on the 
acid coal-spoil materials. Cottonwood trees can survive and 
grow to some extent at relatively high levels of exchangeable 
aluminum, but controlled laboratory and greenhouse studies 
are required to define clearly the limits of cottonwood 
tolerance to aluminum activity. 
A significant amount of variation in the yield of 
eastern redcedar was accounted for by slope position after 
the other eight variables were fitted in the regression. The 
relationship is probably a reflection of the better moisture 
conditions, greater accumulation of soil-size spoil material 
and better nutrient conditions for root growth on the lower 
slopes, although slope position was not correlated with any 
one variable. In addition, the significance of the coeffi­
cients for soluble salt concentration and nitrifiable nitrogen 
in the regression indicates that these variables were related 
directly or indirectly to the growth of eastern redcedar. 
Cation exchange capacity and exchangeable and soluble 
bases accounted for the greater part of pitch pine yields. 
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Intercorrelation among the independent variables obscured 
these relationships in the general regression, but the 
regression of yield on the two variables indicated their 
possible importance because of the large amount of variation 
related to them. As indicated in the discussion of survival 
in relation to coal-spoil characteristics, cation exchange 
capacity is related to some factors of fertility and water-
holding capacity which affect plant survival and growth. In 
general, pine species do not grow well on calcareous soils 
where the exchangeable and soluble base content is high and 
mycorrhizae, apparently so important in the nutrition of 
pine species, are not present (Kramer and Kozlowski I960). 
Lack of mycorrhizae may be the more direct factor associated 
with poor pine growth on spoil materials high in bases. 
Growth &£ eastern cottonwood 
Correlation and linear multiple regression analyses 
were used to study the relationship of cottonwood total tree 
height and tree height increment during one growing season, 
to selected chemical and physical characteristics of the 
coal-spoil materials. 
In simple correlation, total height was better related 
to some of the chemical characteristics than to others, but 
as was discussed previously, the meaning of the correlations 
is uncertain because of the effects of intercorrelation among 
104 
the variables, and the effects of factors not measured. 
Percentage less than 2-mm soil was correlated positively with 
total height, pH, exchangeable calcium, available potassium 
and nitrifiable nitrogen, thus indicating that higher amounts 
of fine-sized material were related to higher fertility and 
better tree growth. Soil air permeability and field capacity 
were not correlated with total height or any of the chemical 
characteristics of the spoil materials. Apparently, the air 
permeability and field capacity of the surface material, in 
the range encountered in this study, are not important 
indicators of the quality of the spoil material for tree 
growth. 
The highest absolute correlation was between total 
height and tree age. Correlations were not as high as found 
in the study of yield on replicated plots, where all trees 
were the same age, planted on similar slope and aspect and 
the yield figure represented a weighted average of a number 
of trees. 
Tree height increment was correlated with initial 
tree height and with the mineral composition of the leaves. 
Height increment was best related to foliar nitrogen and then 
to foliar phosphorus. In addition, foliar nitrogen was 
correlated with the nitrifiable nitrogen of the spoil material 
(Figure 20). These relationships suggest that nitrogen and 
phosphorus may be important factors limiting tree growth in 
i 
Figure 20. Relation between nitrogen in cottonwood 
leaves and nitrifiable nitrogen in the 
0- to 6-inch layer of spoil material 
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these areas. Brendemuehl (1957) found a similar relationship 
between foliar nitrogen and soil nitrifiable nitrogen in a 
study of cottonwood growth in Iowa. Moreover, he found that 
foliar nitrogen was correlated positively with site index of 
cottonwood. In studies with potted seedlings, Brendemuehl 
obtained a marked response to nitrogen fertilization when 
accompanied with phorphorus fertilization, and therefore, 
suggested that cottonwood had a relatively high nitrogen 
requirement when phosphorus was available in adequate quanti­
ties. The significant relationships between foliar nitrogen 
and foliar phosphorus (Figure 21), and between foliar 
nitrogen, foliar phosphorus and height increment in this 
study, indicate that nitrogen and phosphorus may be factors 
limiting tree growth on the coal-spoil materials. 
Regression of total height on all of the chemical 
characteristics, except exchangeable magnesium, accounted for 
a significant amount of the variation, in addition to that 
related to tree age. Similarly, regression of total height 
on the physical characteristics accounted for a significant 
amount of the variation, but percentage less than 2-mm soil 
appeared to be the only important variable. Apparently, when 
percentage less than 2-mm soil is used in regression, it 
accounts for variance in tree height which may be attributable 
to one or more of the chemical characteristics with which it 
is correlated. 
Figure 21. Relation between nitrogen and phosphorus 
cottonwood leaves 
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Soluble salt concentration was not related to total 
height in simple correlation analysis, but was a significant 
variable in the regressions calculated. As indicated in an 
earlier study, high soluble salt concentrations occurred in 
strongly acid and calcareous conditions, but in this study, 
soluble salt concentration was correlated with low pH, high 
exchangeable aluminum and high exchangeable hydrogen 
(Table 16). Consequently, when correction was made for the 
relationship of total height with other variables in regres­
sion, soluble salt concentration was related negatively with 
total height. Apparently, soluble salt concentration 
accounted for some variation in total height in addition to 
that associated with the measurements of acidity. 
In regression analyses, foliar nitrogen, phosphorus, 
potassium, calcium and magnesium accounted for a significant 
amount of variation in height increment, in addition to that 
related to the initial height of the trees. Regression of 
height increment on initial height and foliar nitrogen accounted 
for essentially as much variation as when all variables were 
included. The relative concentrations of the various elements 
in the leaves probably are as important as the concentrations 
of each element, and a regression including the interaction 
and quadratic terms of the elements may account for more 
variation in height increment. 
In view of the results of correlation and regression 
Ill 
analyses, deficiencies in available nitrogen and phosphorus 
in the coal-spoil materials may be the factors most limiting 
cottonwood growth. Conclusive evidence is not available 
from the results, but previous fertilizer experiments by 
Einspahr (1955) indicated that phosphorus was the element 
first limiting plant growth on toxic, very acid and acid 
spoil materials, and that both nitrogen and phosphorus were 
deficient in loess and glacial till materials. 
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SUMMARY 
An evaluation was made of survival and growth of 
trees planted in 1952 and 1953 on several classes of coal-
spoil materials in southeastern Iowa. In addition, correla­
tion and regression analyses were used to investigate the 
relationships of tree survival and growth to selected charac­
teristics of spoil materials. The latter investigation was 
divided into two parts, (a) correlation of survival and growth 
of conifer and broadleafed tree species with coal-spoil 
characteristics, and (b) growth of cottonwood in relation to 
leaf mineral status and some selected characteristics of 
coal-spoil materials. The results of the studies, and 
statistical analyses to aid interpretation, have been presented 
in tables and figures. The more important results were: 
1. Green ash survived better than all other species on a 
variety of coal-spoil materials, and appeared best adapted 
to the more moist sites on the moderately acid to cal­
careous coal-spoil materials. 
2. Cottonwood grew much faster than all other species on a 
variety of coal-spoil materials, and more than doubled 
the height of green ash. Because cottonwood has invaded 
many coal-spoil sites, better survival might be expected 
in future plantings. 
3« Survival and growth of eastern redcedar were best on the 
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calcareous coal-spoil materials. This species is drought 
resistant and can be planted on the drier sites. 
4. Survival and growth of all the pine species were very low 
on the calcareous coal-spoil materials; apparently, they 
should not be planted on the calcareous shales or glacial 
tills. 
5» Jack and Virginia pine appeared best adapted to the dry 
sites on the strongly and moderately acid spoil materials. 
Pitch pine was adapted to the same materials, but probably 
should be planted on more moist sites. 
6. Red and eastern white pine were best adapted to the 
slightly acid, more fertile, moist, well-drained sites, 
and plantings of these species probably should be limited 
to these locations. 
7. Survival of the broadleafed species, green ash and cotton-
wood, was not clearly related to any one of the chemical 
characteristics, but regression equations, with slope 
position and 11 chemical characteristics as the independent 
variables, accounted for 74 and 6l percent of the varia­
tion. 
8. Eastern redcedar was correlated positively with pH, and 
was correlated negatively with soluble salt concentration 
and exchangeable aluminum. The regression of survival on 
slope position and the 11 chemical characteristics accounted 
for 77 percent of the variation. 
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9• Survival of the pine species was related to the 
chemical characteristics of the coal-spoil materials. 
The positive correlation with cation exchange capacity, 
and the negative correlations with nitrifiable 
nitrogen and soluble salt concentration was significant. 
10. In regression of survival on chemical characteristics, 
cation exchange capacity and nitrifiable nitrogen 
accounted for much of the variation in Virginia and 
pitch pine. In addition, available phosphorus was 
significant in the regression for pitch pine. Nitrifi­
able nitrogen was the only significant variable in the 
regression for red pine. 
11. Regressions of yield (number of trees per plot times 
the average tree height) on slope position and eight 
chemical characteristics were significant for cotton-
wood, eastern redcedar and pitch pine. The regressions 
accounted for 90, 78 and 76 percent of the variation. 
12. Variables significant in the cottonwood regression were 
exchangeable aluminum, available phosphorus and soluble 
salt concentration. Those significant in the eastern 
redcedar regression were slope position, nitrifiable 
nitrogen and soluble salt concentration. No individual 
variables were significant in the pitch pine regression. 
13. Exchangeable aluminum and soluble salt concentration 
accounted for approximately 65 percent of the variation 
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in cottonwood yield, although neither variable alone was 
correlated significantly with cottonwood yield. These 
results demonstrate clearly some of the dangers of 
limiting an interpretation of data to simple correlation 
analysis. 
14. Cation exchange capacity and exchangeable and soluble 
bases accounted for approximately 70 percent of the 
variation in pitch pine yield. The seven variables 
deleted from the regression did not add significantly 
to the reduction in sum of squares after cation exchange 
capacity and exchangeable and soluble bases were fitted. 
Cation exchange capacity is related to factors of 
fertility and waterholding capacity of the spoil 
materials and probably reflected their effects. 
15* In the study based on 100 single-tree plots, total 
height of cottonwood trees was correlated significantly 
with some of the chemical characteristics of the coal-
spoil materials. Correlations were not as high as found 
in the study of yield on replicated plots, where all 
trees were the same age, planted on similar slope and 
aspect and the yield figure represented a weighted 
average of a number of trees. 
16. Tree age, soluble salt concentration and exchangeable 
calcium were significant variables in a regression of 
total height on tree age and nine chemical character­
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istics of the coal-spoil materials. 
1?• Tree age and percentage less than 2-mm soil were 
significant variables in a regression of total height 
on age and three physical characteristics of the coal-
spoil materials. 
18. Tree age, percentage less than 2-mm soil and soluble 
salt concentration were significant variables in a 
regression of total height on tree age, percentage less 
than 2-mm soil and seven chemical characteristics of the 
coal-gpoil materials. 
19* Cottonwood tree height increment in the 1961 growing 
season was related to the mineral composition of the 
leaves. Foliar nitrogen, phosphorus and potassium were 
correlated positively, but foliar magnesium was correlated 
negatively with height increment. 
20. Initial tree height and foliar nitrogen were significant 
variables in a regression of height increment on initial 
tree height and foliar nitrogen, phosphorus, potassium, 
calcium and magnesium. 
21. Regression on initial tree height and foliar nitrogen 
accounted for approximately 42 percent of the variation 
in height increment. Foliar phosphorus, potassium, 
calcium and magnesium accounted for less than 1 percent 
additional variation when added to the regression. 
22. Foliar nitrogen was correlation significantly with height 
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increment and nitrifiable nitrogen in the coal-spoil 
materials. These relationships are similar to those 
found by Brendemuehl (1957) in a study of the growth of 
cottonwood in Iowa. They indicate that cottonwood growth 
may be limited by the nitrogen supply in the coal-spoil 
materials. 
Foliar nitrogen was correlated positively with foliar 
phosphorus, and both variables were correlated positively 
with height increment. These relationships support 
results reported by Einspahr (1955) which indicated that 
both nitrogen and phosphorus limited plant growth on at 
least some spoil materials. 
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APPENDIX 
Table 25» Survival percentage of seven tree species on the 1953 plots 
Location Repli- Slope Survival percentage 
cation position Green E. red- Cotton- Va. Jack Pitch Red 
ash cedar wood pine pine pine pine 
Pershing 
Oskaloosa 
Sel ma 
I ub 100 61 41 15 30 5 33 
Lc 87 82 45 41 20 26 28 
II U 100 79 17 5 0 17 0 
L 100 71 10 18 22 32 0 
III U 100 100 4 0 0 0 0 
L 100 88 0 0 75 4 0 
I U 94 58 17 0 0 0 0 
L 75 50 0 0 0 0 0 
II U 75 46 0 0 0 0 0 
L 79 62 0 0 0 0 0 
III U 88 67 37 0 0 0 0 
L 93 68 40 0 0 0 0 
I U 87 79 73 50 67 75 93 
L 94 88 73 50 69 87 72 
II U 70 88 53 35 31 38 33 
L 67 82 60 30 27 33 6 
III U 94 100 50 58 23 73 80 
L 74 87 25 39 19 62 75 
aBased on the total number of trees planted per species. 
bUpper half of plot. 
cLower half of plot. 
Table 25 (Continued) 
Location Repli- Slope Survival percentage3 
cation position Green E. red­ Cotton­ Va. Jack Pitch Red 
ash cedar wood pine pine pine pine 
Otley I U 73 7 60 0 20 47 0 
L 67 67 47 0 0 7 7 
II U 0 7 0 0 0 0 0 
L 47 0 4 0 0 0 0 
III U 59 32 0 0 4 0 . 0 
L 100 4 12 21 42 15 8 
Pella I U 20 43 0 0 0 0 0 
II-Cd 
L 30 50 0 0 0 0 0 
U 24 — ' 0 0 0 0 
L 68 — 0 0 0 0 
II-H U 43 mm 0 - — — — 
L 40 —- 0 — — — — 
III U 37 38 0 0 0 0 0 
L 43 0 0 0 0 0 0 
Eldon I U 0 30 0 14 19 10 0 
L 0 65 0 45 21 48 10 
II U 0 44 0 31 67 52 25 
L 0 29 0 45 56 73 24 
III U 0 35 0 4 45 69 0 
L 0 52 0 32 71 94 45 
dConiferous (C) and broadleafed (H) plots were separate in Replicate II. 
Table 26. Some chemical characteristics of the coal-spoil materials on the 
1953 plots 
Loca­ Rep­ Slope pH CECa Total Exch. Sol. Avail. Nitrate 
tion lica­ posi­ ESBb Aie salts P K nitrogen 
tion tion ppm lb/A lb/A Init. FinalQ 
lb/A lb/A 
Pella I u? 8.0 16.5 27.7 0 . 0  175 6.5 266 12 54 Lf 7-8 15.1 27.6 0 . 0  250 4 . 0  278 12 50 
11-cs U 7-3 13.1 4 0 . 0  0 . 0  2400 3 . 2  282 12 56 
L 7-3 12.8 39.4 0.0 1950 3-5 250 12 28 
II-H U 8.0 16.9 40.1 0.0 175 1 0 . 5  296 15 46 
L 7-9 15.9 31.7 0.0 150 7 . 0  2 66 6 36 
III U 7-0 1 0 . 6  46.7 0.0 3150 2.8 228 9 42 
L 7.0 1 1 . 4  48.4 0.0 3500 0.5 222 12 28 
aCation exchange capacity, milliequivalents per 100 grams. 
^Total exchangeable and soluble bases, milliequivalents per 100 grams. 
cExchangeable aluminum, milliequivalents per 100 grams. 
&After incubation for 2 weeks• 
eUpper half of plot. 
fLower half of plot. 
^Coniferous (C) and broadleafed (H) plots were separate in Replication II. 
Table 26 (Continued) 
Loca- Rep- Slope 
tion lica- posi­
tion tion 
pH CECa Tobal 
ESBb 
Selma I U 7-8 15.8 22.7 
L 7-9 1 9 . 2  24.2 
II U 7-6 1 8 . 6  21.0 
L 7-9 1 7 . 2  2 0 . 7  
III U 7-8 1 6 . 8  21.8 
L 7-8 16.9 21.1 
Oska- I U 7-6 1 1 . 5  52.5 
loosa L 8.0 1 2 . 5  52.4 
II U 7.5 1 0 . 3  5 2 . 8  
L 7.5 9.2 53-4 
III U 7-5 1 0 . 0  52.9 
L 7-4 10.2 51-7 
Persh­ I U 6.6 8 . 3  1 1 . 3  
ing L 6.7 8.4 1 1 . 5  
II U 4.1 10.6 6 . 5  
L 6.2 15.4 18.8 
III U 6 . 3  9.2 10.6 
L 6.7 9.5 11.0 
El don I U 6.9 16.1 52.0 
L 6.6 18.1 55-4 
II U 4.6 19.3 14.7 
L 4*3 1 7 . 6  10.0 
III U 4.1 19.1 4.9 
L 3-9 17.6 3 . 6  
Exch. Sol. Avail. Nitrate 
Alc salts P K nitrogen 
ppm lb/A lb/A Init. Final^ -
lb/A lb/A 
0 . 0  150 2.2 244 12 26 
0 . 0  150 1 . 5  238 12 28 
0 . 0  50 2 . 5  230 15 33 
0 . 0  50 2.0 252 15 34 
0 . 0  50 3-5 248 12 16 
0 . 0  50 3 . 8  256 9 16 
0 . 0  1100 0 . 8  214 12 62 
0 . 0  1100 1 . 0  208 12 19 
0 . 0  3150 0 . 5  238 9 44 
0 . 0  3150 0 . 5  220 12 36 
0 . 0  3200 0 . 5  196 12 34 
0 . 0  3150 0 . 8  198 6 45 
0 . 0  50 3 . 0  112 12 9 
0 . 0  150 2 . 2  108 9 8 
2 . 7  50 2.5 154 6 4 
0 . 0  50 8 . 5  252 6 18 
0 . 0  150 3.0 152 6 21 
0.0 150 3.0 146 12 18 
0 . 0  2850 6.8 272 3 14 
0 . 0  2400 4-5 250 3 24 
2 . 3  1850 7-8 272 3 4 
3.3 1510 8 . 2  300 3 3 
8.0 50 9.5 354 6 3 
7 . 9  50 4.2 352 3 8 
Table 26 (Continued) 
Loca­ Rep­ Slope pH CECa Total Exch. Sol. Avail - Nitrate 
tion lica­ posi­ ESBb Alc salts p K nitroeren 
tion tion ppm lb/A lb/A Init. Finala 
lb/A lb/A 
Otley I U 3.0 10.1 3.7 5 . 6  3050 1.0 74 9 4 
L 2.9 9.6 2.8 6 . 2  2775 1.0 60 12 3 
II U 2.9 9.6 2.2 7.8 4380 0.8 46 9 3 
L 2.9 10.2 1.0 8 . 6  4002 1.2 42 6 3 
III U 3.0 9.9 3.7 6.3 3390 0.8 52 9 2 
L 2.7 9.9 3-7 9.1 3390 1.0 42 9 3 
H 
rv V3 
Table 27. Yield of seven tree species on the 1953 plots 
Location Repli- Slope Yielda 
cation position Green E. red- Cotton- Va. Jack Pitch Red 
ash cedar wood pine pine pine pine 
Oskaloosa 
Pershing 
Selma 
I Ub 8 7 * 0  8 5 . 5  59.6 0.0 0 . 0  0 . 0  0 . 0  
Lc 69.0 85.4 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
II U 1 0 2 . 0  57.2 0.0 0 . 0  0 . 0  0 . 0  0 . 0  
L 84.0 82.5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
III U 88.2 62.4 143.0 0 . 0  0 . 0  0 . 0  0 . 0  
L 1 0 0 . 8  68.9 1 2 2 . 0  0.0 0 . 0  0 . 0  0 . 0  
I U 39.0 23.I 31.5 2 3 . 2  1 7 . 5  2.0 1 0 . 5  
L 33.8 37.8 3 8 . 0  5 0 . 4  14.8 10.0 7 . 0  
II U 82.5 69.0 36.0 5 . 7  0.0 14.8 0.0 
L 97-5 79.5 1 8 . 0  2 8 . 0  2 0 . 8  29.4 0.0 
III U 85.5 76.5 7-3 0.0 0.0 0.0 0.0 
L 1 3 2 . 0  84.0 0.0 0.0 93-6 5-8 0.0 
I U 28.6 55.5 68.2 4 5 . 9  59.0 58.8 46.2 
L 39.0 48.0 59-4 55.0 6 2 . 7  40.3 36.4 
II U 28.0 66.0 57-6 33.0 29.5 24.0 9 . 6  
L 26.4 60.2 74.7 2 9 . 4  21.6 23.4 1.8 
III U 36.O 42.0 73-6 4 9 . 5  22.5 42.9 28.8 
L 28.0 42.9 40.8 28.7 17.6 37-0 33.6 
aYield = number of trees per plot multiplied by the average height of the 
trees. 
bUpper half of plot. 
cLower half of plot. 
Table 27 (Continued) 
Location Repli- Slope Yielda 
cation position Green E. red­ Cotton­ Va. Jack Pitch Red 
ash cedar wood pine pine pine pine 
Pella I U 1 6 . 2  49.4 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
II-Cd 
L 33-3 7 2 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
U 2 6 .6 — — — 0 . 0  0 . 0  0 . 0  0 . 0  
L 64.5 — — — 0 . 0  0 . 0  0 . 0  0 . 0  
II-H U 35-1 0 . 0  — — - — we — w  —  mm mm 
L 2 7 . 6  0 . 0  — — —  — — — mm mm mm 
III U 26.4 42.9 0 . 0  0.0 0 . 0  0 . 0  0 . 0  
L 62.4 73-5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
Otley I U 2 2 . 0  2 . 0  7 3 . 8  0 . 0  1 3 . 5  23.1 0 . 0  
L 2 3 . 0  27.0 6 2 . 3  0.0 0.0 1 . 5  1 . 3  
II U 0.0 3.0 0.0 0.0 0.0 0.0 0.0 
L 2 2 . 5  0.0 7 . 4  0.0 0.0 0.0 0.0 
III U 24.0 2.2 0.0 0.0 6 . 4  0.0 0.0 
L 46.5 2 5 . 2  1 3 . 2  1 8 . 0  2 3 . 2  10.4 3.8 
El don I U 0.0 1 6 . 8  0.0 21.6 2 1 . 2  6.6 0.0 
L 0.0 29.9 0.0 7 5 . 0  21.0 38.5 6 . 2  
II U 0.0 1 2 . 0  0.0 5 2 . 8  6 6 . 0  7 8 . 0  9 . 0  
L 0.0 14.7 0.0 5 0 . 4  55-8 4 7 . 3  1 2 . 5  
III U 0.0 7.0 0.0 8.0 74.0 5 9 . 4  0 . 0  
L 0.0 1 8 . 2  0.0 5 0 . 4  68.4 5 7 . 0  2 7 . 0  
^-Coniferous (C) and broadleafed (H) plots were separate in Replication II. 
Table 28. Correlation coefficients (r)a and coefficients of determination (r^) 
for cottonwood yield13 
X1 X2 X3 X4 X5 x6 *7 X8 X9 
% - . 2 2  -.93 .20 -87 -.62 .71 . 5 6  .68 
X2 .34 •15 -.18 .27 - . 2 3  -07 - . 2 0  
S 
x4 
-•35 — •82 •73 1 ON
 
O
 
-.41 
-.59 
.41 
-.57 -.16 •34 -17 
X5 
-.64 • 64 .78 •59 
*6 -.14 -.51 -03 
x7 -31 .89 
*8 .16 
Y Yield .41 
-.17 —. 34 -.42 •35 . 2 5  -52 .10 • 72 
r2 in % 16.81 2.89 11.56 17-64 1 2 . 2 5  6 . 2 5  27.04 1.00 51.84 
% = pH; X2 = slope position; X^  - exchangeable Al; X^  = available P; 
X^  = available K; X^  = soluble salts; Xr, = nitrif. N; Xg = cation ex change 
capacity; X^  = exchangeable + soluble bases. 
bn = 18; df = 16; r = 0-59 at 1% level; r = 0.4? at 5% level. 
Table 29. Correlation coefficients (r)a and coefficients of determination (r^) 
for eastern redcedar yield*5 
X1 X2 x3 \ x5 x6 *7 X8 X9 
*L .11 -.91 - . 0 8  .47 -•33 • 74 .18 .69 
x2 -.06 . 0 5  . 0 8  - . 0 8  - . 1 1  .07 . 0 8  
x3 •39 -•33 .28 —  . 6 3  - . 0 6  -. 65 
x4 ! . 6 0  -.40 - . 2 1  . 64 - . 2 1  
x5 -.39 •37 • 75 •36 
x6 .00 — .45 .32 
x7 .01 .70 
x8 . 0 3  
Y Yield . 66 •33 - .66 — • 28 .15 — • 28 • 57 -.17 .48 
r2 in % 43.56 10.89 43.56 7.84 2 . 2 5  7.84 32.49 2.89 23.04 
aSee footnote a, page 132. 
^n = 35» df = 33» r = 0.43 at 1% level; r = O.34 at 5% level. 
Table 3°« Correlation coefficients (r)a and coefficients of determination (r2) 
for pitch pine yieldb 
X1 x2 x3 x4 X5 x6 X7 x8 X9 
X1 
1—1 0 1 —. 89 - . 0 7  .31 -  . 5 6 - . 8 2  •33 . 6 0  
X . 06 .04 - . 1 3  .10 .04 - . 1 1  -.04 
X3 
.02 - . 1 2  .42 —. 67 -.14 — . 61 
\ .69 - . 0 7  -.23 •52 .18 
*5 
.40 .27 .88 .34 
6^ -.40 -.20 .14 
x7 .42 .56 
x8 .43 
Y Yield .02 - . 1 6  .11 .50 .74 -.20 . 0 3  . 7 6  . 0 3  
r2 in % 0.04 2 . 5 6  1.21 25.00 54.76 4.00 0.09 5 7 . 7 6  0.09 
aSee footnote a, page 132. 
^n = 20;  df = 18;  r = 0.56  at 1% level; r = 0.44 at 3% level. 
n 
Table 31. Correlation coefficients (r)a and coefficients of determination (r ) 
for green ash yield" 
X1 X2 X3 X4 X5 X6 *7 X8 X9 
X1 - . 0 3  -.93 •30 .89 - . 5 1  • 7 3  .52 .68 
X2 .11 —  . 0 6  - . 0 6  .07 - . 1 8  .01 -.04 
x3 — . 30 — .82 . 5 6  — • 63 -•37 
- . 6 0  
%4 .49 —. 58 .23 •51 0
 
OS
 
x5 — • 48 • 76 • 71 • 6 3  
x6 -.13 -.58 • 19 
x7 •35 •76 
x8 .08 
Y Yield .16 .09 — « 30 -.16 .07 .07 .17 —. 38 •37 
r2 in % 2 . 5 6  0.81 9 . 0 0  2 . 5 6  0.49 0.49 2.89 14.44 13.69 
aSee footnote a, page 132. 
bn = 29; df = 27; r = 0.47 at 1% level; r = G.37  at 5% level. 
Table 32. Correlation coefficients (r)a and coefficients of determination (r2) 
for red pine yield*3 
X2 X3 X4 X5 X6 *7 X8 X9 
X1 — .47 -.91 -.17 . 3 2  -.75 .80 .34 •59 
X2 • 49 -•35 -.50 •53 -.32 -.37 -.30 
X3 - . 0 5  -.24 .61 —  . 6 3  —. 26 — . 63 
x4 .60 .08 —. 34 .48 .09 
X5 -.45 .34 .88 •33 
X6 - . 5 0  -.24 . 0 6  
X7 .50 • 6 3  
x8 .48 
Y Yield .46 
-. 31 —. 26 —. 03 .47 —. 54 .28 . 3 8  .13 
r2 in % 21.16 9.61 6 . 7 6  0.09 22.09 29.16 7-84 14.44 1.69 
H U3 
ON 
aSee footnote a, page 132. 
bn = 14; df = 12; r = 0.66 at 1% level; r = 0.53 at 5% level. 
Table 33• Correlation coefficients (r)a and coefficients of determination (r%) 
for Virginia pine yield*3 
*1 x2 x3 \ x5 X6 h X8 x9 
*1 
1 0
 
CO
 1 CO
 
-.32 .06 -.39 .81 .20 ^ •55 
X2 .15 O
 
CO
 1 H V)
 
.26 .01 -.02 -.02 
X3 
.18 .07 .26 — .62 - . 0 3  - . 5 8  
X4 .63 .14 — .40 .42 .05 
X5 
.20 •13 .86 .18 
X6 -.27 - . 0 3  .39 
X7 •39 
CXI 
X8 .32 
Y Yield .29 .18 -.31 .07 .22 .11 .29 . 3 6  .38 
r2 in % 8.41 3-24 9.61 0.49 4.84 1.21 8.41 12.96 14.44 
aSee footnote a, page 132.  
^n = 17; df = 15; r = 0.61 at 1% level; r = 0.48 at 5# level. 
Table 34. Correlation coefficients (r)a and coefficients of determination (r2) 
for jack pine yield*3 
 ^ *6 *7 *8 *9 
X1 .18 -.90 -.10 .29 —  . 6 3  .82 .29 
CO 
X 2  
- .13 .19 .09 -.25 •15 .00 .05 
x3 
.02 
-.13 •45 -.68 1 H
 
V
) 
-.61 
x4 .69 - . 1 3  -.25 .51 .16 
*5 — .46 •25 .88 .32 
*6 — .47 - . 2 7  • 09 
*7 •39 •54 
X8 .40 
Y Yield —  . 0 3  .27 •13 •33 • 47 -.35 .00 •34 -.20 
r2 in % 0.09 7-29 1.69 10.89 22.09 12.25 0.00 11.56 4 . 0 0  
aSee footnote a, page 132. 
^n = 19; df = 17; r = 0.58 at 1% level; r = 0.46 at 5% level. 
Table 35. Tree height, tree age and values for selected physical characteristics of coal spoil 
materials 
1961 1961 Soil air Field <2-mm 
Plot tree tree perinea- capacity soil Slope 
Location number heighta age** bilityc % 7. Slope position percent Aspect 
1 20.1 10 0.18 19.2 93.6 Upper 60 E 
2 25.5 10 0.88 22.8 99.9 Middle 50 E 
3 27.8 16 0.54 22.7 99.9 Cove (bottom) 5 -
4 36.2 17 0.16 28.4 99.9 Cove (bottom) 0 -
5 40.5 17 0.43 25.5 99.9 Cove (bottom) 0 -
6 31.8 15 0.12 21.4 99.8 Middle 30 N60W 
7 37.0 19 0.15 38.3 97.0 Bottom 0 -
8 38.5 17 0.39 20.9 99.9 Cove (lower) 30 N70W 
9 28.1 18 0.78 26.4 99.8 Upper flat 0 -
10 28.0 18 0.70 25.4 99.9 Upper flat 0 -
11 31.4 10 0.68 24.3 99.9 Lower flat 0 -
12 34.2 14 0.30 28.4 98.5 Lower 45 N10W 
13 35.8 16 1.15 26.3 99.9 Bottom 0 -
14 25.6 18 0.67 27.1 99.8 Bottom 0 N45E 
15 32.2 17 0.20 21.0 99.3 Bottom 5 N45E 
16 33.4 17 0.30 26.1 99.4 Lower 25 N45E 
17 21.4 13 0.20 23.3 99.7 Middle 30 N 
18 29.5 12 0.12 25.4 100.0 Middle 60 S 
19 34.3 15 0.40 24.4 99.7 Upper 45 S  
20 30.7 16 0.50 21.4 99.8 Lower 25 w  
aFeet. 
b 
Years. 
^Millimeters per second. 
Table 35 (Continued) 
1961 1961 Soil air Field 
Plot tree tree permea- capacity-
Location number height* age** bilityc % 
Pel la 
Pershing 
1 22.2 19 0.07 16.6 
2 32.3 19 0.05 15.3 
3 30.9 16 0.25 22.2 
4 23.4 16 0.13 25.3 
5 23.3 11 0.33 33.2 
6 15.4 13 0.81 18.6 
7 18.6 18 1.38 19.3 
8 29.8 18 0.42 23.5 
9 23.2 15 0.07 12.6 
10 23.7 16 0.63 18.6 
11 19.7 16 0.25 17.8 
12 24.5 17 0.20 11.5 
13 27.1 17 0.59 17.2 
14 29.8 17 1.28 18.2 
15 34.7 18 0.07 15.9 
16 28.0 19 0.17 13.4 
17 24.3 19 0.79 14.0 
18 29.4 19 0.07 11.5 
19 25.7 16 0.88 19.0 
20 27.9 18 0.15 15.4 
1 22.6 11 0.58 18.6 
2 19.7 11 0.37 21.5 
3 14.3 11 1.25 20.8 
4 21.2 11 0.72 17.2 
5 20.2 11 0.78 16.6 
6 20.0 11 0.68 20.3 
7 23.7 9 0.52 23.9 
8 13.6 11 0.98 27.0 
9 21.6 10 0.45 28.9 
10 22.6 11 0.17 19.2 
<2-mm 
soil Slope 
% Slope position percent Aspect 
96.5 Middle 50 S40E 
93.6 Upper 50 S30E 
99.9 Ridge 10 N60E 
96.2 Cove 30 N10E 
92.8 Bottom 0 N10E 
95.6 Lower 15 N45W 
91.0 Upper 40 N80W 
98.6 Bottom 0 -
96.6 Middle flat 15 S55E 
98.7 Upper 20 S40W 
99.3 Upper 15 S40W 
96.1 Upper flat 5 S40W 
96.2 Upper 15 N25W 
98.7 Bottom 0 -
97.1 Lower 40 S50W 
92.5 Lower 20 S70W 
92.5 Middle 35 S70W 
94.0 Upper 30 N35W 
99.0 Middle 60 N35W 
93.9 Lower 30 S45W 
99.0 Lower 55 S10E 
90.0 Upper 50 S10E 
99.6 Upper 45 S10E 
95.9 Upper 45 E 
96.3 Middle flat 2 S70E 
97.1 Middle flat 10 S 
96.0 Cove 20 S80E 
98.0 Ridge 25 N50W 
99.6 Ridge cove 20 N10W 
91.5 Middle flat 10 S80E 
Table 35 (Continued) 
1961 1961 Soil air Field 
Plot tree tree perinea- capacity 
Location number height3 age** bilityc % 
Kirkville 
11 22.5 11 0.65 24.2 
12 16.2 11 0.73 17.9 
13 15.2 10 0.50 22.5 
14 24.4 10 0.78 28.0 
15 19.4 10 0.37 19.8 
16 16.3 10 0.79 46.9 
17 21.7 10 0.05 18.3 
18 24.6 12 0.68 30.4 
19 30.5 10 1.85 21.6 
20 14.8 11 1.12 30.4 
1 23.8 11 0.78 18.0 
2 29.6 11 0.22 12.5 
3 22.6 11 0.23 22.0 
4 18.2 11 0.61 18.5 
5 10.4 11 0.30 21.8 
6 20.7 11 0.08 16.6 
7 15.2 0.18 19.5 
8 27.0 11 0.88 16.7 
9 29.3 11 0.72 23.3 
10 12.6 12 0.62 18.3 
11 17.6 11 0.05 14.3 
12 14.3 11 0.52 18.3 
13 14.6 10 0.48 17.3 
14 20.0 9 0.98 20.7 
15 19.8 12 0.18 14.5 
16 17.8 11 0.07 14.9 
17 20.1 12 0.32 17.5 
18 15.7 12 0.20 16.5 
19 17.1 12 0.05 33.5 
20 22.1 11 0.68 20.2 
<2-mm 
soil Slope 
7» Slope position percent Aspect 
99.8 Lower 15 S80E 
93.0 Upper flat 0 S10E 
97.4 Upper 60 S45W 
99.8 Cove 30 S80E 
95.7 Middle flat 2 E 
96.9 Ridge cove 10 N30W 
97.6 Ridge cove 15 N 
98.4 Ridge 50 N80W 
97.2 Ridge cove 30 S60W 
97.2 Upper 55 S10W 
86.5 Bottom 10 S80E 
87.2 Ridge cove 20 -
98.6 Upper 35 N20W 
89.6 Upper 50 N20W 
92.5 Ridge 35 N20E 
93.1 Lower 55 E 
97.2 Bottom 5 N20E 
99.2 Lower flat 5 S80W 
93.9 Cove (lower) 45 S 
90.4 Upper 65 S10% 
85.9 Cove (middle) 35 -
90.0 Ridge cove 10 S20E 
93.4 Broad ridge 10 S70W 
96.3 Lower flat 5 N45W 
92.5 Lower 50 N45W 
89.9 Middle 30 S25E 
98.4 Middle 45 S25E 
96.2 Upper 35 S20E 
95.6 Ridge 25 S75W 
93.5 Lower 55 N20W 
Table 35 (Continued) 
1961 1961 Soil air Field <2-mm 
Plot tree tree permea- capacity soil Slope 
Location number height* age** bilityc % % Slope position percent Aspect 
Otley 1 25.0 11 0.82 26.5 94.5 Ridge cove 30 S 
2 6.7 10 0.32 22.3 75.2 Lower 50 S 
3 21.4 9 0.17 24.6 96.6 Bottom 5 N10W 
4 21.0 10 0.10 25.9 95.0 Lower 40 N20W 
5 16.0 12 0.70 23.2 95.9 Upper 45 N5E 
6 12.8 12 0.65 25.4 92.8 Middle 55 N10W 
7 20.0 11 0.90 23.3 85.3 Lower 25 N10W 
8 10.9 11 0.54 27.3 98.6 Upper 60 N20W 
9 13.9 12 0.18 21.0 78.8 Lower 20 E 
10 15.3 11 0.48 - 26.3 96.5 Middle 45 N40E 
11 12.6 11 0.35 24.8 84.1 Lower 30 E 
12 19.6 10 1.83 25.8 99.3 Lower 20 E 
13 25.0 12 0.20 23.1 91.6 Middle 35 N45E 
14 14.8 11 1.42 24.0 91.0 Middle flat 15 N60W 
15 13.0 9 0.30 28.0 93.3 Lower 10 N60W 
16 15.4 9 0.38 24.6 97.2 Middle flat 5 N10W 
17 23.3 12 0.15 20.1 83.3 Middle 30 N20W 
18 22.6 11 0.12 28.1 96.4 Middle 50 E 
19 24.1 12 0.67 20.9 93.2 Middle 45 E 
20 12.0 12 0.55 29.3 95.4 Middle 50 N15W 
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Table 36 (Continued) 
Location Plot pH Exchangeable 
no. Al H Ca Mg 
mea me me me 
Pershing 
8 8.13 0.00 0.00 18.32 0.89 
9 6.48 0.00 0.02 9.88 2.48 
10 6-39 0.00 0.01 10.18 2.78 
11 7.52 0.00 0.00 37.89 0.28 
12 6.88 0.00 0.04 38.46 0.10 
13 4.13 1.40 0.07 11.95 0.59 
14 7-42 0.00 0.04 21.80 0.05 
15 6.95 0.00 0.03 33.68 0.00 
16 5.57 0.00 0.03 15.87 0.23 
17 7-81 0.00 0.00 23.75 0.00 
18 7.90 0.00 0.01 18.12 4.79 
19 7-06 0.00 0.02 28.29 0.51 
20 7.91 0.00 0.00 25.28 0,17 
1 5-71 0.05 0.11 10.89 2.47 
2 3.31 5.04 1.09 0.99 0.99 
3 3-76 3.57 0.15 5.6 5 3.77 
4 3-89 4.08 0.21 1.83 1.72 
5 6.13 0.00 0.00 6.20 1.20 r 6.68 0.00 0.01 6.46 1.38 
7 3.88 4.42 0.24 5.67 0.46 
8 3-79 2.64 0.17 6.72 1.73 
9 6.15 0.00 0.03 11.75 7-59 
10 6.22 0.00 0.01 8.20 1.87 
11 6.55 0.00 0.01 IO.52 4.14 
12 3-75 1.83 0.18 3.60 1.00 
13 6.75 0.00 0.04 9.04 6.08 
14 6.70 0.00 0.04 IO.3O 1.86 
15 3-55 3.98 0.63 3.18 1.91 
16 5.55 0.03 0.05 4.55 2.96 
Available Nitrif• Solu. 
P K N salts 
lb/A lb/A lb/A ppm 
0.5 138 
2.8 262 
2.5 246 
2.0 119 
1.2 119 
2.5 106 
5.0 81 
33.5 111 
30.0 138 
0.5 124 
16.0 75 
12.0 206 
3.0 150 
0.5 105 
0.5 38 
2.5 117 
0.5 63 
0.5 64 
1.0 138 
1.0 246 
3.8 202 
15.5 156 
2.8 143 
3.8 125 
0.5 79 
1.8 156 
2.2 268 
0.5 44 
0.5 136 
37 60 
41 <50 
36 <50 
24 1130 
32 2940 
15 1100 
32 375 
32 1240 
22 <50 
40 525 
42 <50 
78 860 
37 60 
11 <50 
11 425 
6 120 
4 <50 
11 <50 
20 <50 
23 130 
13 350 
27 <50 
24 <50 
24 <50 
6 190 
40 <50 
60 <50 
7 1070 
17 <50 
Table 36 (Continued) 
Location Plot pH Exchangeable 
n o .  A l  H  C a  M g  
mea me me me 
Kirkville 
Otley 
17 4.47 0.99 0.29 4.45 1.82 
18 5.69 0.04 0.01 8.70 2.0 5 
19 6.18 0.00 0.03 8.96 1.38 
20 5-31 O.32 0.10 7.86 1.08 
1 3.67 3.23 0.42 10.59 2.47 
2 18 2.31 0.05 5.47 1.16 
3 4.68 0.44 0.17 12.96 5.67 
4 4.52 1.72 0.21 4.15 2.43 
5 3-69 3.26 0.20 7-06 0.32 
6 4.38 2.58 0.11 5.89 0.48 
7 3.74 4.99 0.18 5-41 O.34 
8 4.70 2.09 0.00 5.90 0.88 
9 3.02 7.21 1.21 2.94 1.26 
10 5.19 0.17 0.10 8.12 3.28 
11 4.07 3.11 0.12 2.90 O.51 
12 3-89 3.68 0.31 3.77 1.58 
13 4.01 4.42 0.09 5.21 1.27 
14 3.82 4.71 O.3O 5-73 1.40 
15 5-39 0.04 0.90 8.58 l.l 7 
16 4.29 0.90 0.30 3.10 1.66 
17 5-82 0.02 0.07 6.72 0.64 
18 4.18 2.81 0.20 3.30 1.30 
19 3.11 1.62 0.45 25.23 2.61 
20 4.17 2.51 0.17 18.37 0.67 
1 7.18 0.00 0.02 14.17 7.65 
2 3.52 3.73 0.44 5.79 0.00 
3 3.38 4.22 0.61 3.51 1.27 
4 3.77 3.69 0.42 5.81 1.94 
5 3.89 4.19 O.32 7.70 1.83 
Available Nitrif. Solu. 
P K N salts 
lb/A lb/A lb/A ppm 
0.5 86 4 315 
0.5 130 18 <50 
0.5 165 27 <50 
6.5 131 21 <50 
3.0 28 11 2575 
3.8 53 11 2040 
3.5 133 32 <50 
4.5 105 11 <50 
4.0 38 7 ,1790 
3.5 114 9 < 200 
3.5 86 8 1165 
10.0 208 11 <50 
2.5 75 8 8 75 
2.8 80 11 845 
3-2 70 9 <50 
5.0 70 9 <50 
6.5 63 11 <50 
7-0 100 9 1050 
0.5 73 10 <50 
2.0 62 11 <50 
1.8 54 12 <50 
1.0 61 8 75 
0.5 22 9 2400 
2.6 70 8 1100 
0.5 106 28 <50 
7.2 40 11 2150 
0.5 64 11 640 
0.5 134 13 290 
0.5 40 9 830 
Table 36 (Continued) 
Location Plot pH Exchangeable Available Nitrif • Solu. 
no. Al H Ca Mg P K N salts 
mea me me me lb/A lb/A lb/A ppm 
6 4.43 4.13 0.25 20.42 1.41 3.0 68 11 2220 
7 3.91 2.87 0.25 9.74 1.04 1.2 95 9 480 
8 5.90 0.04 0.02 18.14 5.82 12.8 113 17 1600 
9 2.89 4.85 1.76 10.17 0.63 0.5 26 9 2760 
10 3.08 6.77 1.01 5.34 1.04 0.5 56 9 1120 
11 3-41 4.72 0.62 6.91 1.55 1.2 86 11 810 
12 3-89 3.62 0.44 5-35 2.18 3.8 257 43 315 
13 3.02 7.00 0.45 4.30 1.06 0.5 57 11 1070 
14 2.78 7.06 2.22 11.80 0.80 1.2 13 9 3475 
15 5.45 0.13 0.08 8.60 1.32 10.5 129 46 560 
16 6.23 0.06 0.29 16.34 2.11 2.5 129 47 950 
17 3.52 3-94 1.00 3.22 0.28 0.5 58 9 545 
18 5.51 0.00 0.01 5-74 3.11 6.4 92 15 60 
19 3.71 3.91 0.73 3-79 0.42 0.5 121 9 630 
20 3.28 4.75 1.54 20.98 1.94 7.0 37 11 3655 
14? 
Table 37• Tree height increment in 1961 and leaf mineral 
composition 
Location Plot 
no. 
Height 
incre­
ment , ft 
Percentage of drv leaf weight 
N P K Ca lig 
Oskaloosa 
Pella 
1 3.2 2.24 0.14 1.90 1.55 0.12 
2 3-1 2.43 0.18 1.86 1.37 0.22 
3 2.6 2.55 0.22 2.08 I.32 0.12 
4 3-4 2.83 0.20 1.88 1.05 0.24 
5 4.2 2.08 0.18 I.32 1.74 O.38 
6 4.5 2.52 0.17 1.71 1.08 0.39 
7 0.7 1.80 0.16 1.24 I.63 O.56 
8 3.0 1.93 0.12 1.84 1.78 0.28 
9 2.2 2.36 0.23 2.04 1.02 0.30 
10 1.4 1.81 0.20 1.88 1.03 0.34 
11 3.2 2.38 0.18 1.35 1.56 0.41 
12 10.1 3.12 0.24 2.58 1.24 0.26 
13 9.8 2.43 0.18 I.30 1.59 0.42 
14 2.6 2.37 0.19 1-77 I.63 0.20 
15 9-3 2.47 0.18 1.88 1.72 0.24 
16 8.6 2.60 0.27 1.95 1.28 0.28 
17 4.1 3.03 0.24 2.18 1.02 0.29 
18 8.9 2.97 0.24 1.28 1.32 O.56 
19 9-4 2.56 0.20 1.44 1.35 0.60 
20 7-5 2.38 O.34 1.84 1.08 0.38 
1 1.2 2.44 0.19 1.20 2.49 0.37 
2 10.1 2.79 0.19 1.23 1.97 0.52 
3 IO.3 3.37 0.26 1.12 1.97 0.63 
4 6.5 3.21 0.20 1.23 1.37 0.60 
5 3.2 3.00 0.26 2.18 0.92 0.30 
6 3.5 2.50 0.21 I.56 O.96 0.93 
7 1.2 2.44 0.18 0.93 1.45 0.56 
8 8.4 3-19 0.22 1.74 1.06 0.55 
9 4.0 4.00 0.30 1.95 1.19 0.52 
10 1.6 2.78 0.20 1.00 1.02 0.58 
11 3.0 2.62 0.20 1.34 1.72 0.66 
12 2.5 2.58 0.18 0.99 1.30 0.59 
13 3.1 2.26 0.21 1.06 1.72 0.63 
14 2.0 2.67 0.24 1.05 2.29 0.73 
15 8.9 2.98 0.22 1.83 1.59 0.42 
16 3.8 3.10 0.20 1.40 I.36 0.59 
17 3.0 2.74 0.27 1.44 1.23 0.65 
18 2.3 2.23 0.22 1.06 1.37 0.66 
19 0.7 1.78 0.16 1.68 1.58 0.50 
20 2.9 2.16 0.22 1.95 1.06 0.30 
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Table 37 (Continued) 
Location Plot Height Percentage of drv leaf weight 
no. incre- N P K Ca Mg 
ment, ft 
Otley 1 4.5 2.68 0.16 1.17 0.64 0.36 
2 1,4 1.86 0.12 0.92 1.15 1.23 
3 2.8 1.77 0.10 1.50 0.96 0.62 
4 3,0 1.72 0.20 1.28 1.16 0.55 
5 2.1 2.14 0.14 0-75 1.36 1.20 
6 0.8 1.96 0.12 0.68 0.96 1.56 
7 1.8 2.04 0.12 0.92 1.06 1.20 
8 0.7 2.09 0.14 0.46 1.88 1.67 
9 1.9 1.77 0.12 I.38 0.88 0.98 
10 2.0 2.49 0.18 1.02 0.59 0.98 
11 3.2 2.4 5 0.18 1.74 1.18 0.58 
12 2.1 2.27 0.16 I.32 I.38 0.67 
13 0.8 1.98 0.12 0.63 2.42 0.98 
14 1.2 1-53 0.14 1.54 1.00 0.40 
15 3-9 2.23 0.16 1.65 1.10 0.42 
16 3-3 2.47 0.16 1.29 1.32 0.46 
17 1.9 2.40 0.16 0.82 1.35 1.04 
18 4.2 2.53 0.15 1.74 1.14 0.44 
19 3.0 2.63 0.18 1.92 1.14 0.66 
20 0.7 1.60 0.12 0.50 1.54 1.66 
